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ABSTRACT 


Thirty-two auxotrophic (or putative auxotrophic) mutations 
of Drosophila melanogaster have been isolated. The mutations result 
in low viability or slow development rate on a chemically defined 
medium but not on the more complete, yeast-sucrose medium. All 
mutants were tested for supplementation by RNA or ribonucleosides. 

On the basis of this test the mutations are of three types. 

Eight mutants (at seven loci) do not respond to RNA and the 
nutritional requirement of each of these strains remains undefined. 

Four of the 24 mutations which do respond to RNA are 
supplemented by a purine nucleoside. One of these (ade ia is 
adenosine supplementable and maps to a position distinct from the other 
three. .0f, these otherathree, sones(gud Heo responds to guanosine, 
and the others (pur 1-1 and pur 1-2) are supplemented by either 
Aicleosides These mutations map in the same region and it has been 
suggested that pur 1 and gua 1 are distinct, but closely linked genes 
involved in purine biosynthesis. 

Twenty of the mutations are supplemented by a pyrimidine 
nucleoside. All map close to rudimentary (r, 1-54.5), a site 
previously identified by wing abnormalities, and more recently 
established as a site of pyrimidine auxotrophy. About half of the 
newly isolated mutations have normal wings and yet, by a variety of 
criteria, do appear to be affecting the rudimentary locus, The data 


presented herein indicates that auxotrophy is a phenotype more 
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sensitive to reduced enodegenous pyrimidine synthesis than previous 

morphological criteria. This sensitivity has permitted the isolation 
of a series of mutations with a spectrum of pnenotypic abnormalities, 
which apparently reflects the degree to which pyrimidine biosynthesis 


is blocked. 
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INTRODUCTION 
1. THE PROBLEM 


The organization of the genome and the regulation of genetic 
activity has been the subject of very active research for many years. 
The explosive success of these studies over the past fifteen years has 
resulted in the elucidation of the basic biochemical and genetical 
mechanisms associated with gene expression in prokaryotes. However, 
during most of this time eukaryotes have remained in the background 
and, as a result, the universality of prokaryote findings is as yet 
unknown. There is a number of indications that genes may be organized 
and regulated quite differently in higher organisms. For example, 
their DNA usually contains some sequences which are repeated many 
times (Britten and Kohne, 1968). Such sequences are specific to 
higher organisms and it has been suggested (Britten and Davidson, 1969) 
that they play an important, but as yet undefined role in gene 
regulation. The association of higher organism DNA with histones 
represents a second distinction. Like some bacterial regulatory 
proteins, histones are capable of gene repression (Huang and Bonner, 
1962). However, the limited variety of histones suggests that unlike 
their bacterial counterparts, they cannot of themselves dictate much 
specificity to gene repression (Fambrough et al, 1968). Moreover 
eukaryotes are distinguished from prokaryotes by the presence of a 


nuclear membrane. This allows for a processing of RNA and thus a 
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regulation of geme expression at the translational level to a degree 
not possible in the more open, less compartmentalized prokaryotic cells 
where transcription and translation appear to be coupled reactions 
(Morse et al, 1969). Multicellular organisms are further distinguished 
by tissue diversity and many tissues perform a specialized function 
throughout their whole life span. mere eres such cells are often 
rather restricted in their metabolic capabilities. On the other hand, 
unicellular organisms must be capable of rapid alterations in metabolic 
activity if they are to survive in the wide variety of environmental 
conditions to which they are subjected. Thus, regulation of gene 
activity of these cells may be quite different than in multicellular 
organisms where flexibility is not required to the same degree. 

All cf these points suggest that even though tremendous 
insight has been gained regarding the nature and regulation of genes 
in prokaryotes, at least as great a challenge lies ahead. The 
challenge is to apply the knowledge and techniques which have 
accumulated from the very successful prokaryote studies to the detailed 
analysis of the gene and its regulation in higher eukaryotes. Studies 
on the replication and molecular composition of chromosomes, as well as 
transcription and the molecular biology of RNA are beginning to provide 
insight in this area. But the real success in elucidating gene 
organization and control in prokaryotes came about through a different 
approach. It was based on the assumption that the understanding of the 
normal role of a particular gene can be inferred from observation and 
analysis of the abnormalities resulting from mutation of that gene. In 


this way, the nature and role of particular genes has been elucidated 
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in a remarkably refined manner. 

The success of this approach has often come through the 
analysis of mutants which are lethal under one set of nutritional 
conditions, but not another. aimee the biochemical deficiency of such 
strains can be deduced from the nature of the nutritional alteration 
necessary to promote growth, these mutants are not usually difficult 


to characterize. Their usefulness in regulatory studies has depended 


upon: 
a. the identification of a number of genes affecting 


the same biochemical pathway, and 
b. the conditional lethality of mutations of these 


genes so that rapid genetic analysis is feasible. 


In view of these advantages and their successful exploitation 
in prokaryotes, it would seem that the application of nutritional 
mutations to higher eukaryotes should have received enthusiastic 
consideration. However, the contrary has been the case and until 
recently even the question as to their existence had hardly been 
examined. There is a number of reasons for this. In bacteria most 
nutritional mutations involve a metabolic block in the de novo 
synthesis of a required end product. In multi-cellular animals. 
however, the number of such de novo pathways is extremely reduced and 
furthermore, the possibility exists that de novo pathways which do 
exist, may not have been eliminated through selection because . 
they are unconditionally required. .. Mutants in such genes would be 
lethal and not analyzable by this technique. A further problem is that 


the organization of the genome may be such that no nutritional mutants 


nobtersrie Innoisizsun oils to. esyten offt mot? Leoubok od anD 2K 
Stet téh viheaiey on. sie amriszan 429d3 tsyoTg SONG) OIE - 


> 


hebnoqe (emt eaiut>cctetmluget at eeondeboew 11sit -ssitesoeteita Or o | 
equ . ! 
gnktostie 25neg Yo rede er 26 nolsnallisnsbt ot 8 _ 
bas ,vewitsq Levinterboid: emp nt 
seeds Yo anctisetun Wo wrtarlse! fencizvibnom av- 2 5 


Aldtaet ef dieylsie iitoneg biysr Jad? oF gondg : 


motteriolens fuleeeuqwe tiedd ban esystnnvin eaedlt Qo wely of : 
Temettistnt to moi spatsags oilt) 1sda meee LOgow 72 _2vocraato ik - 
oidesiciutytin bevigeet sve bivorle eetayredue telyt! of aneteein = 
tite (ban obpo arly esd eu) crerimop st .sevoeoH =. oprissshdemo : 
aved \ibred bat soneterep 11903 07 és no lszaip sit ave EC . 
suom eftetond al .2ia wt ddoeie: Yo tedium = ct cred! .benigexs — , 
ovo atads ab oold sifoditen « ovfovni efoiiphys Isnotsietum : 
eisitins taiwifso-trlum ni .sovlarny boo betiapas « to aheodseye | 
bine bequber vLenentes 2i eqeuiiteq-oven of dove to vellum 2° 7ayewod 
eb dbidw eyowieg Gow sh red? eteixe si Lidizenq ot ,stamedinwt © 

Po Reumaad mmiivelse siguonls besenimi fe nos 


could occur due to genetic redundancy, multiple pathways, or mito- 
chondrial supplementation. Even if nutritional mutations could be 
induced, their isolation and analysis demands the use of a chemically 
defined medium so that the concentration of nutritional components 
can be regulated precisely or components eliminated completely if 
necessary. All of this work must be done under axenic conditions if 
the medium is to remain chemically defined and this is often a 
frightening task when dealing with large numbers of multi-cellular 
organisms. A further limitation is the necessity for an organism 
which can be easily manipulated genetically. Multi-cellular organisms 
are generally diploid and therefore extensive breeding is necessary 
for the isolation of strains homozygous for such mutations. 

In light of these many obstacles, it is no surprise that 
work in this area has until very recently, been almost non-existent. 
But recent results of Vyse (1969) and Vyse and Nash (1969) suggest 
that many of these apprehensions may be unfounded. Their results 
suggest that Drosophila melanogaster may be suitable for nutritional 
mutation studies. This is probably the only multi-cellular animal 
which can presently be analyzed and manipulated at the level necessary 
for the isolation and thorough study of nutritional mutants. A 
chemically defined medium has been devised and it is possible to 
culture the organism axenically without great difficulty. 

This thesis is addressed to the question of the degree to 
which such mutations exist in D. melanogaster. The results of this 
study indicate that there is probably a great number of genes 


susceptible to nutritional analysis in this organism. Furthermore, it 
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is now apparent that these mutations are not particularly difficult to 
isolate, and that abnormalities in at least some strains can readily 
be ascribed to particular biochemical pathways. Initial studies on 
several of these loci suggest that this type of analysis will be 
particularly fruitful in studies on the nature of gene organization 


and regulation in multi-cellular organisms. 


2. NUTRITIONAL CHARACTERISTICS OF WILD TYPE DROSOPHILA MELANOGASTER 


From the outset it is apparent that heritable nutritional 
abnormalities in Drosophtla will present a different spectrum from 
those of bacteria and fungi. Animals lack a great many of the bio- 
synthetic capacities which are available for analysis in lower 
organisms. Many lower organisms synthesize all the organic components 
that they need from a simple sugar. On the other hand, Drosophila, 
like other animals is incapable of synthesizing a great many components 
and these must be nutritionally supplied. The determination of such 
nutritional requirements is important to nutritional mutation studies 
so that non-essential components can be excluded from the diet and 
later used as potential supplements of nutritional lethal mutations. 

The nutritional requirements of D. melanogaster are well 
known. The first chemically defined culture medium was reported by 
Schultz, St. Lawrence and Newmeyer in 1946. This medium and a modified 
version (Hinton, Ellis and Noyes, 195la) gave extremely slow larval 


development compared with the conventional, undefined media commonly 
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used for laboratory rearing of Drosophila. However, thorough analysis 
of nutrient optima (Sang, 1956) subsequently resulted in an improved 
chemically defined medium on which there is little difference in larval 
growth rate or survival compared with the same tester strain on a 
killed yeast medium. 

The medium designed by Sang contains the milk protein, 
casein,as a source of amino acids, and hence is not strictly speaking 
a minimal medium since a number of amino acids are not essential. 
Previous media (Schultz et al, 1946; Hinton et al, 195la)and a more 
recent medium devised by Geer (1965) contain a more restricted amino 
acid mixture, but Sang found a very marked improvement in growth rate 
by using casein. It has been suggested that this might implicate the 
existence of a stimulatory polypeptide (Schultz et al, 1946; Sang, 
1956) , but Dadd (1970) has suggested the possibility of imbalance in 
the amino acid mixtures. Alternatively, high concentrations of amino 
acids may adversely affect ingestion, either by inhibiting food intake, 
or by affecting osmotic relationships of the gut (Dadd, 1970). 

Since insects cannot synthesize steroids de novo, cholesterol 
or one of several alternative steroids (Cooke and Sang, 1970) must be 
dietetically supplied. Steroids serve as a structural component of 
cells and tissues and also as precursors for essential metabolites 
and regulators such as ecdysone (Robbins et al, 1971). 

Choline, which is an important constituent of lipids is 
another essential nutritient for which Drosophila has little or no 


synthetic ability. Choline is a component of lecithin and it is often 
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added in this form since lecithin, although not essential for growth, 
does have a stimulatory effect upon growth rate (Sang, 1956). 

Drosophtla, like other insects (review by Dadd, 1970), 
requires the B vitamins: thiamine, riboflavin, nicotinic acid, 
pyridoxine, pantothenic acid, folic acid and biotin. Thiamine, which 
1s necessary for larval survival, is converted intracellularly to 
thiamine pyrophosphate, a co-enzyme for certain carbohydrate metabolic 
reactions involving the transfer of an aldehyde group. Riboflavin is 
a precursor to the co-enzyme FAD, which is an essential component of 
the electron transport chain and is also important in the oxidation 
of certain amino acids and the purine, xanthine. Nicotinic acid, 
another required B vitamin, is necessary for the synthesis of NAD. 
And, subsequent to its conversion to pyridoxal phosphate, pyridoxine 
is important to the interconversion of amino acids. 

Dependence upon particular vitamins is not always manifest 
Similarly. Absence of any of the four vitamins discussed in the 
preceding paragraph results in lethality early in larval development, 
but this is not always the case. The omission of pantothenic acid, 
an acetyl CoA precursor, results in cessation of development but not 
in immediate death. Larvae can continue to live in its absence for 
up to 29 days (Hinton et al, 1951a) before death finally ensues. 
Dietary folic acid, on the other hand, is necessary for eclosion, but 
not for pupation. Since this vitamin is converted to tetrahydrofolate, 
an important methyl donor in purine, thymidylate and certain amino acid 


syntheses, this result is somewhat surprising. However, Sang (1956) 


' 


afiodassW erertlodxes nists tor emyens-02°8 . ofaniqeoMord OB is 
at abvelgedit -quoty sixduble me-to retenart 9/13 grtvievnt anoint 
Qo Yasnhqme Lebinsees re 2i if iitw LOM smytaa-o7' sat-.0F 1oesuotileg alee : 
moisabixn orl mt debtvool cele 2t bre stial ptoqenn nextel a 
bins siniseoih § .sirtiisaax yonitiy okt bas chins oni mints de — - 


dat 20 aisedtwee edt Tot ctorzoo00 ci ,ninmtiv 4 Sonigper aevinoe “| 
snixobiiva , osatkqeadq fsiobirys oF uniztewe, #21 07 sasupoedue bah. > 
~2bios cits Yo aoteremiosistht ot OF sietrognt at 

senthaon eyewie towed enimativ wsiuolting squ egasbmeqed, 
aid tke Wacdink ih entnstin -wox edt to ‘van ty sohSadh. sgieedeate i 
tenieveb Lavrsf ot ytias ilnizel of -tivest dqergeteg guibeswrq = _ 
,bioe visolsoinad io nibideige .dT (oeso oft cnwiz som er etsy dod - 
sor aud tiumgoteveb to nokteees2 mi ettucst TozSey Aol: DeaR te 
0? sondern. 237 ci svi) ot sumitnoo rie ssyrsd .iaesd annthaen 
seneene ylibnit Minsh awoted (nied! , ie re netet eyube Oh erage 
sud ,nOteoloe 162 \Gisedsoon vi bai witto: ods no) bean obo mdi 


has demonstrated that larvae have a higher internal concentration of 
folic acid than the yeast upon which they feed and he has suggested 
that this may be indicative of some folic acid synthesis during the 
larval stage. Recent biochemical data on Aedes aegyptt and Drosophila 
melanogaster suggest that this is indeed the case (Venters, 1971). 
Biotin, a co-factor of some carboxylation reactions, increases the 
survival and growth rate of larvae but is not an absolute requirement 
for larval survival. Since a few individuals can complete development 
without its dietary inclusion, Sang suggests (1956) that this vitamin 
is probably present in trace amounts with some of the other 
ingredients. (For a detailed discussion of the B vitamins and their 
role in metabolism, see Robertson, 1966). 

Several other non-essential components of Sang's (1956) 
medium stimulate the growth rate and increase the survival. One such 
component is a source of carbohydrate, fructose being the most . 
satisfactory. The lack of requirement for carbohydrates is a rather 
striking result, especially when compared to the nutrition of most 
other species of insect larvae, which have rather high requirements 
(Dadd, 1970). Indeed, adult females of D. malanogaster have a very 
stringent carbohydrate requirement for the production of viable eggs, 
which further emphasises the uniqueness of the metabolism of developing 
Drosophtla larvae in this respect. 

Sang (1956) shows that a source of ribonucleotides is not 
required, although the presence of RNA does decrease larval development 
time by 3.5 days. Ina later study (1957) he demonstrates that this 


increased growth rate cannot be completely attributed to any one 
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ribonucleoside or base, rather both a purine and pyrimidine source are 
required. 

To summarize, Sang's medium gives a development rate and 
survival comparable to conventional undefined media. For this reason, 
even though it is not, strictly speaking, a minimal medium, it is the 
medium used as a restrictive medium in the present experiments. The 


required components (with Sang's constituents in brackets) are: 


a. a source of required amino acids (casein) 
b. a sterol source (cholesterol) 
c. a choline source (lecithin) 


d. most B vitamins 


The non-essential components which have a significant effect upon 


survival and growth rate are: 


e. the B vitamin, biotin 
f. a carbohydrate source (fructose or sucrose) 


g. a nucleotide source (RNA) 


For the specific reason that it is likely that many steps in nucleotide 
synthesis may yield auxotrophic mutants, component (g) was not normally 
included in the restrictive medium. 

The development of a defined medium on which growth rate and 
survival are essentially equivalent to that of the conventional 
undefined media is a major accomplishment. However, Geer's (1963) 
analysis of viability and development rate for several strains on 


Sang's medium suggests that there is variation in what is an optimal 
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medium for different strains of flies. ''Canton-S'', for example, 
survives poorly unless RNA or, alternatively a purine and pyrimidine 
are present as additives. The demonstration that changes in the amino 
acid balance or the use of hydrolyzed casein partially obviate the 
need for nucleotide supplementation suggests that this strain is not 
necessarily deficient in nucleotide production. Geer (1963) suggests 
that "Canton-S'' is subject to a developmental stress on Sang's RNA- 
free medium which is remediable by a variety of nutritional manipu- 
lations. This particular "developmental stress", like interstrain 
variation in general, might be explained by nutrient imbalance. The 
sensitivity of larvae to nutrient balance is illustrated by the 
demonstration that a change in the protein concentration shifts the 
optimal concentration of a number of vitamins (Sang 1959, 1962). For 
example, folic acid, a precursor to tetrahydrofolate, which is a 
co-factor in the methylation of glycine, is required in a higher 
concentration in a high protein medium. The increased folic acid 
requirement may be accounted for solely by increased glycine concen- 
tration in the high protein medium, since the addition of glycine to 
the low protein medium simulates the high protein effect. Most other 
shifts in optimal vitamin concentrations can, likewise, be demonstrated 
to result from specific interactions (Sang, 1962). 

From these studies, it becomes apparent that the quantitative 
nutritional requirements are not rigid. Geer (1963) has shown them to 
be very sensitive to genotypic variations. Sang (1959, 1962) has shown 
them to be extremely sensitive to variation in nutrient balance. And 


lastly, it seems likely (although no evidence exists for Drosophtla) , 
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that such requirements are also sensitive to environmental variations 
such as temperature. The only organism for which I am aware of 
studies on the effect of temperature variation, the protozoan, 
Ochromonas malhamensts, has much different nutritional requirements 
when reared at high temperatures (Hutner et al, 1957). 

Even though the quantitative aspects of Drosophila nutrition 
fluctuate, the basic requirements are probably quite uniform and thus 


serve as a foundation for the study of nutritional abnormalities. 


3. NUTRITIONAL MUTANTS IN MULTICELLULAR ANIMALS 


Mutants which respond abnormally to a particular nutritional 
environment have received very little attention in higher organisms. 
Some mutant strains have been isolated in higher plants (Carlson, 1969; 
Li et al, 1967), but most of the results have come from several 
vertebrate cell lines or in the case of complete organisms, 

D. melanogaster. The remainder of this discussion will concentrate on 


nutritional mutants as they have been studied in animals. 


a. Mutants with Nutritionally Modifiable Morphological Defects 


One approach to defining the biochemical deficiency of a 
mutation is to check pre-existing morphologically abnormal strains for 
sensitivity to alteration of the nutritional environment. The essence 
of this approach is that the nature of the nutritional modification to 


which the mutant responds might provide insight into the abnormality 
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at the metabolic level. To the present, this method has not been 
particularly illuminating. 

The mutant, antennaeless of D. melanogaster is a nutri- 
tionally responsive strain caren and Sang, 1941). The mutant effect 
can be enhanced by addition of peptone to a sterilized brewer's yeast 
.medium, or alternatively it can be cmmneaet by riboflavin (Gordon 
and Sang, 1941) or glucose (Begg and Sang, 1945). Gordon (1959) has 
proposed that thesedata indicate a defect in amino acid metabolism. 

He suggests that this defect is remediable by a higher level of 
oxidation of amino acids (the riboflavin effect) or by a decrease in 
the utilization of amino acids for energy-producing oxidations (the 
glucose effect). However, the critical biochemical tests have never 
been performed. 

Several melanotic tumour producing strains of D. melanogaster 
are also sensitive to nutritional environment. The tumours result from 
an aggregation of certain blood cells and are generally quite infrequent 
in these mutant strains on Sang's defined medium. However, when larvae 
are cultured on media with reduced concentrations of adenosine, 
cholesterol or biotin (Sang and Burnet, 1963) or on a medium with a 
high level of tryptophan (Plainer and Glass, 1955), the tumour 
frequency is increased. Sang and Burnet (1963) suggest that the gene- 
controlled defect is near the limit of a developmental buffering, and 
under conditions of stress such as those described above the buffering 
system can no longer maintain that developmental pathway which leads 


to the normal phenotype. 
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The eye-reducing mutant, Bar, is nutritionally modifiable. 

A number of amides, cytosine, uracil and adenine increase the number 
of eye facets, in some cases to a level approaching that of wild type 
(Kaji 1954, 1955; De Marinis 1966 a,b). Fristrom (1969) has shown 
that the Bar phenotype results from cellular degeneration. Acetamide 
reduces such degeneration drastically, eneveee cytosine delays the 
degeneration beyond the stage where a mutant effect on facet number 
is produced (Fristrom, 1969). 

The study of the eye colour mutant, vermtliton is one case 
when nutritional studies have been successful in elucidating the 
biochemical basis of a morphological abnormality. Dietary kynurenine 
changes the bright red eye colour of vermilion, mutants to the normal 
dull red (Tatum and Haagen-Smith, 1941). This finding led to the 
proposition that mutants are unable to synthesize kynurenine from 
tryptophan, a theory subsequently verified through biochemical 
studies (Baglioni, 1960). 

The limitations of this approach to the metabolic delineation 
of mutant effects probably has several explanations. Certainly, the 
fact that only a few mutations have been nutritionally analyzed is a 
factor, but probably more important is that morphological mutants have 
been isolated on the conventional undefined media, where many nutrients 
are present in abundant supply. It seems likely that if this method is 
to succeed, morphological mutations will need to be isolated which are 


abnormal solely on a minimal medium, 
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b. Mutants Which are Viable on a Normally Toxic Medium 


Determining the chemical specificity of a mutant effect 
requires that the potential explanations be limited in number and 
easily narrowed down. In higher eukaryotes, the technique which has 
best fulfilled these requirements is the analysis of mutations which 
confer resistance to normally toxic chemical analogues. Since the 
cause of analogue susceptibility is generally quite specific, the 
mechanism of resistance to this toxicity is also specific and thus 
readily characterizable. Resistance mutations are usually of three 


types; 


i. Those which prevent the entry of the analogue into 
the cell. 
ii. Those which prevent the accamulation of the active, 
inhibitory form of the analogue. 
iatne ShoOss whichaltersthesspecificity of the sensitive 
enzyme in such a way that it is not inhibited by 


the analogue. 


Mutations of all three types have been found in studies with 
tissue culture and tumour lines. Breslow and Goldsby (1969) isolated 
several lines of Chinese hamster cells which are resistant to a 
normally toxic radioactive level of He thymidine. Such strains are 
deficient in the uptake of thymidine from the medium. A nunber of cell 
culture strains have been isolated which are resistant due to an 


inability to accumulate the inhibitory form of the analogue. For 
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example, a low activity of the enzyme, hypoxanthine- guanine phosphor- 
ibosyl transferase (which converts base to nucleotide) is commonly 
associated with strains resistant to 8-azahypoxanthine or 8-azaguanine 
(Szybalski and Szybalska, 1962; Chu et al, 1969). Strains resistant 
to the glucose analogue, 2-deoxyglucose, have an elevated activity of 
alkaline phosphatase (Morrow and DeCarli, 1967). 2-deoxyglucose is 
believed to exert its effect after phosphorylation (Barban and 
Schulze, 1961). The increased alkaline phosphatase is supposed to de- 
crease this toxic form. Other examples of this type include the absence 
of thymidine kinase activity in a bromodeoxyuridine (BUdR) - resistant 
strain of mouse L cells (Kit et al, 1963) and low uridine kinase in 
Erlich Ascites tumour cells resistant, to fluorouracil (FU) 

(Reichard et al, 1962). 

A mutation of the third type referred to above has been 
demonstrated for the enzyme, thymidylate synthetase. This enzyme 
converts deoxyuridine monophosphate (dUMP) into thymidine monophosphate 
(TMP). Fluorodeoxyuridine monophosphate (FdUMP) inhibits this reaction 
(Cohen et al, 1958). An FU-resistant strain of Erlich Ascites tumour 
cells is resistant through an alteration of the thymidylate synthetase 
molecule, such that it no longer is inhibited by FdUMP (Heidelberger 
et al, 1960). 

Although the biochemical characterization of these mutants 
has been very successful, studies with tissue culture lack the tools 
for the genetic refinement possible with Drosophila. Several 
experiments of this type have recently been reported for Drosophila. 


One experiment applies the fact that pentenol is selectively toxic to 
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flies exhibiting ADH activity. Mutants deficient for this enzyme are 
able to live, presumably because they are unable to convert pentenol 
to the poisonous ketone form (Sofer and Hatcoff, 1972). El Kouni 
(1972) has demonstrated that the toxic effect of fluorodeoxyuridine 
(FUdR) on Sang's medium is overcome by thymidine. This suggests that, 
asS-inetissue culture, the effect of this aera is on the enzyme, 
thymidylate synthetase. Recently an FUdR-resistant strain has been iso- 
lated. and resistance apparently results from an autosomal dominant 
mutation (M. el Kouni, personal commmication). Sherald and Wright 
(1972) have reported the isolation of three strains resistant to the 
toxic 3,4-dihydroxyphenylalanine (dopa) analogue, a-methyl dopa. At 
least two of the strains have an elevated activity of dopa 
decarboxylase and it has been suggested that it is this elevated 
activity which allows the flies to survive in the presence of the 


inhibitor. 
c. Mutants Which are Lethal on a Normally Permissive Medium 


Nutritionally remediable lethal mutations have received very 
little attention in higher eukaryotes. Theoretically, as with 
analogue-resistance mutations, chemical specificity should not be 
difficult to determine, since the nature of the nutritional alteration 
which promotes growth should disclose the deficient pathway. Because 
a number of different mutant enzymes affecting the same pathway can be 
identified, this approach provides a broader spectrum of mutations than 


the chemical analogue technique. In bacteria this has proven to be a 
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major advantage for the investigation of co-ordinate regulation of 
functionally related enzymes. Recent results indicate that it may be 
Similarly applied to higher organisms. 

Kao and Puck (1968) have applied a rather ingenious approach 
to the isolation of auxotrophs rh Chinese hamster cells. “Celts 
treated with a mutagen are grown in the presence of BUdR. Those cells 
which are metabolically active incorporate BUdR into their DNA and are 
subsequently killed upon exposure to near-visible light. Nutritional 
mutants, on the other hand, are metabolically inactive and thus are 
not killed because of a lack of BUdR incorporation. Such mutants 
begin to grow when shifted to a BUdR-free, complete medium. By this 
technique an inositol auxotrophic strain, several glycine-requiring 
strains and a number of strains with a multiple requirement for 
glycine, hypoxanthine, and thymidine were isolated. The latter strains 
were thought to be mutant in folic acid reductase since the product of 
this enzyme (tetrahydrafolate) is necessary for the production of all 
three of the required supplements or their derivatives. 

A similar technique has been used for the isolation of 
glutamine auxotrophs in Chinese hamster cells (Chu and Malling, 1968; 
Chu et al, 1969). In these experiments aminopterin was used to create 
a lethal thymine deficiency in actively growing cells on a medium 
containing no glutamine. When such cultures were transferred to a 
medium free of aminopterin, but containing glutamine, clones were 
produced, some of which proved glutamine dependent. 


In Drosophila, several attempts at the isolation of 
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nutritionally supplementable lethal mutations have been made. One 
such attempt resulted in the demonstration that a pre-existing strain 
Carrying the inversion, In (2LR) 40d was lethal in the absence of 
adenine (Hinton et al, 1951b). Later studies indicate however, that 
this strain is probably not deficient in the production of adenine 
since replacing free amino acids of the early medium by casein as the 
amino acid source, also promotes growth (Ellis, 1959). Nutritional 
“requirements of several other pre-existing strains were similarly 
difficult to analyze,since they were not the result of a single 
PeNeclLeeCCiTeCtr (MilLON wl vogemnd 11S 61959). 

Unfortunately these negative results discouraged further 
analysis and it was not until recently that specific metabolic 
deficiencies have been demonstrated to result in nutritional 
conditional lethality. The first to demonstrate such an effect were 
Grell, Jacobsen and Murphy (1968), who showed that adults with no 
alcohol dehydrogenase are lethal on a medium containing a normally 
tolerable, 15% ethanol. Later, several strains (rosy, maroonltke) with 
low activity of the purine degradative enzyme, xanthine dehydrogenase 
were shown to be lethal as larvae, on a high purine medium (Finnerty, 
Baillie, and Chovnick, 1970). In another example, the pyrimidine 
dependency of the pre-existing wing mutant, rudimentary (Norby, 1970) 
is beginning to lead to the Ase ante of the normal metabolic role 
of this locus (Norby, 1973). Generally mutants mapping throughout one 
half of this locus are deficient for the second enzyme of the 


pyrimidine biosynthetic pathway, aspartate transcarbamylase, whereas 
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those in the other half are not (Norby, personal communication). 
Activity of the first pyrimidine biosynthetic enzyme, carbamyl 
phosphate synthetase has not yet been checked, but in yeast 

(Lacroute, 1968) and Weurospora (see Davis, 1967), the first two 
enzymes are Closely linked. Norby (1973) suggests that in Drosophila, 
rudimentary mutants with normal aspartate transcarbamylase will prove 
to be deficient in the first enzyme, carbamyl phosphate synthetase, 
but this is a question currently under investigation. 

It is now obvious that nutritional conditional lethal 
mutations exist in Drosophila and that they probably will prove 
extremely useful in analyzing the normal metabolic role of particular 
genes in detail. However, the work discussed above is the result of 
screening only a small number of pre-existing strains for nutritional 
abnormalities. If this approach to metabolic analysis of gene action 
is to reach its potential, mutagenesis, followed by screening for 
nutritional lethals will be a necessity. Vyse and Nash (1969) 
demonstrated the feasibility of this approach. They report that after 
chemical mutagenesis, three out of 377 X chromosomes carried a mutation 
resulting in a supplementable lethality on Sang's medium without RNA. 

In the present investigation, over 5500 mutagenized 
X chromosomes have been screened for one class of nutritional 
conditional lethal mutations, auxotrophs. The subsequent analysis of 
the 32 mutants recovered, reveals a number of properties of probable 


interest to the understanding of gene action at the metabolic level. 
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MATERIALS AND METHODS 
1. STOCKS 


All genetic manipulations were carried out with an inbred 
stock, or with stocks which had been repeatedly backcrossed to it. 
This precaution was taken to reduce the probability that genetic 
modifiers might accumulate and interfere with the expression of a 
mutation. The parental strain used was an Oregon derivative from 
Amherst College (see Drosophila Information Service, 1968, stock 1). 


Table 1 provides a summary of the various stocks which were used. 


2. MAINTENANCE OF AXENIC CULTURES 


Isolation and characterization of nutritional mutants was 
carried out on media free from microbial contaminants. In most 
previous nutritional studies, stocks have been maintained under non- 
axenic conditions and newly sterilized for each required test. 
Because of the scale of the present experiments, repeated steril- 
ization of every strain for every test has been impractical. 
Therefore, Pochn iiss were devised for the long term maintenance of 
axenic cultures. 

Strains are initially sterilized in the following manner. 
Eggs laid over a 12 hour period are scraped from a 1.5% agar medium 


and placed for 20 minutes in Kimax® culture tubes containing a freshly 
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TABLE 2 MEDIA USED IN SCREENING AND TESTING 
NUTRITIONAL CONDITIONAL MUTANTS 


a. Defined medium (modified slightly from Bryant and Sang, 1969) 


Agar (Oxoid No. 3) Or UE Cn eb LO CINE 0.16 mg. 
Casein (Vitamin Free) meod.%. | FOLIC acid Be iiteas 
Sucrose 750 mg. NaHCO. (anhydrous) 140 mg. 
Cholesterol 30 mg. KH,PO, (anhydrous) 183 mg. 
Lecithin 400 mg. K HPO, (anhydrous) 189 mg. 
Thiamine pa ciikeas MgSO) (anhydrous) 62 mg. 
Riboflavin .lmg. Streptomycin 17 mg. 
Nicotinic acid ez me Penicrllin* Z5,00081,U;s 
Ca pantothenate 1.6 mg. Water COmLOO it: 
Pyridoxine .25 mg. RNA (when added) 400 mg. 


b. Dead yeast-sucrose medium (modified from Nash and Bell, 1968) 


Brewers yeast tees RenuGl LLin® 2p, 000 ele. 
Sucrose ~ 310.0, 2.4. Propieniee acid* 1.0 ml. 
Granulated Agar 2.0 g. Water 90 ml. 
Streptomycin 25 mg. 


c. Microbial Culture Medium 


Agar AY SEE Some, MAE eah th Ds gs 


Yeast extract 5eQ-o7 Water to 1000 ml. 


* added after autoclaving 
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FIGURE 1 PROTOCOL FOR THE PRODUCTION AND ISOLATION OF 


SEX-LINKED AUXOTROPHS 


Seen Klay | xX 


E.M.S. treated 
inbred Line: 


Untreated Tester: 
‘Abnormal attached 


-X (XX) and Y 


sex chromosomes 


Normal (X/Y) 


sex chromosomes 


Gametes produced contain 


Zygotes’ - 
sex chromosomes 


Strain established from a single X*/Y 
male and several XX/Y females yields 
males with uniform X* chromosomes 


Test generation 


Defined medium 
XX/Y - survive 
X*/Y - dies or 


develops slowly 


‘Yeast’ medium 


XK/Y 
X*/Y Survive 


X* indicates a chromosome to be tested for 
nutritional mutations 


ba 


filtered solution of 3% calcium hypochlorite which dechorionates and 
sterilizes the embryos. The suspension of embryos is filtered and 
the embryos are given three successive rinses with sterile Ringer 
solution. They are then scraped from the filter paper and placed in 
culture vials. Routine microbiological sterile technique is followed. 
Up to 12 different stocks can be sterilized simultaneously in about 
two hours. After at least five days, microbial contamination is 
checked by plating a small amount of medium from newly sterilized 
cultures on a microbial culture medium (Table 2c). Generally 80 - 90% 
Om the -curtures are axenic. 

Initially stocks were maintained on antibiotic-free mediun, 
but due to a high frequency of fungal contamination, this became 
impractical. Antibiotics (see Table 2b) are now added routinely. 
Axenic cultures are best maintained in vials, because they can be 
effectively capped with Kaputs (Bellco Glass Inc.). Cultures are 
periodically checked for microbial contaminants by plating samples of 
media, but this is generally unnecessary since infected cultures can 
be recognized visually. Normally, contamination occurs in less than 


1% of cultures. 


3. MUTANT SELECTION 


The protocol for the isolation of nutritional mutants Is 
shown in Figure 1. Since the technical, rather than genetic, aspects 


of this screen represent the results of several years of trials and 
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modifications, the method is described in detail below, on a generation 
basis. Following this procedure, it is possible for one person to 


screen approximately 1000 X chromosomes per month. 
a. Mutagenic Treatment and the First Generation Cross 


Adult males (less than 48 hours old) are fed the mutagen, 
ethyl methane-sulfonate (EMS) as described by Lewis and Bacher (1968). 
The standard concentration (25mM) of EMS essentially sterilizes 
Amherst males, therefore several lower concentrations have been used 
(see Table 3). The concentrations used yield, in this stock, 30 - 50% 
sex-linked recessive lethal mutants in a Muller-5 test (Nash, personal 
communication) .. | 

Mutagenized males were mated to virgin XX/Y females which were 
collected from stock 6, using the virgination technique originally 
devised by Wright (1968). Since in an XX/Y stock, the X chromosome 
of the male is inherited patroclinously (Figure 1), an X-linked 
temperature sensitive mutation can be passed exclusively through males. 
When such cultures are kept at Aiba only females survive and will thus 
be virgin. 

The first generation was grown in vials containing sterile 
yeast-sucrose medium (Table 2b). Generally each culture contained 
five mutagenized males and fifteen XX/Y females. Parents were 
discarded after seven days. Cultures were maintained at either 20° 


(screens 5 and 6, Table 3) or ase (screens 1-4, Table 3). 
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b. The Second Generation 


To reduce handling and sorting of flies, Fy cultures were 
checked twice per day for the emergence of males. In this way, most 
cultures had no more than one male and they could simply be trans- 
ferred with females from the same vial to new yeast-sucrose vials. 
Because of the induction of sex-linked recessive lethals in F) males, 


there were generally several females for every surviving Fy male. In 


cases where more than one male was present, they were separated (with- 


out etherizing or direct handling) and each male was given several 
females from the same tube. After one week of checking vials twice 
per day in this manner, parental cultures were discarded. Care was 
taken to keep record of those F, males coming from the same parental 
culture so as to detect brothers carrying identical mutations, due to 


a pre-meiotic mutational event. (No such mutations were detected). 
c. The Third Generation 


About five days after the initial emergence of F, adults , 
15 - 20 flies were transferred (without direct handling) to vials 
containing Sang's defined medium (Table 2a) without RNA. These flies 
were allowed to oviposit for 24 - 48 hours after which they were 
discarded. 

The yeast-sucrose cultures from the previous generation 
were maintained for a second generation without retransferring. The 
composition of the medium is critical to the elimination of this 


retransfer step. A medium with lower agar and yeast concentrations 
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frequently produces only one generation of flies. 

Several days after the beginning of emergence, the defined 
medium cultures were scored for the absence of males. The adults 
from the corresponding complete medium culture of a prospective 
mutant line were then rechecked for nutritional conditional lethality 
or a nutritional conditional developmental delay of at least four 
days. 

In one screen (screen 1, Table 3) strains which had a 
supplementable, semi-lethality or one - two day developmental delay 
were saved and rechecked. Such strains were subsequently checked at 


29°C for temperature sensitive auxotrophy. 


d. Temperature Sensitive Screen 


In some of the later experiments, a more specific scheme for 
the isolation of temperature sensitive auxotrophs was designed. In 
such experiments (screens4, 5 and 6, Table 3), F., females were allowed 
to oviposit on defined medium for 48 hours at 25°C (screen 4) or 200°C 
(screens 5 and 6). Cultures were left at this temperature for an 
additional 24 hours to allow time for most embryos to hatch and then 
they were transferred to 29°C. As larvae began to pupate, the 
cultures were returned to the original temperature. The rationale 


behind such a screen is two-fold: 


i. To increase the spectrum of mutations through 


the detection of ts auxotrophs. 
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ii. To isolate nutritional mutations in genes which 
are otherwise not analyzable in this manner, due 
to an absolute requirement for gene activity in 
the unsupplementable embryo and/or pupal stages. 
Ts mutations of such genes might be detectable 
if larvae are kept-at 299 but the unsupplementable 
stages (embryo and pupae) are kept at permissive 


temperatures. 


4, CHARACTERIZATION OF MUTANTS 
a. Confirmation of Mutant Effects 


Mutant X chromosomes are maintained patroclinously in stocks 
with XX/Y females. In testing such strains, approximately 10 - 15 
flies from such stocks were allowed to oviposit on vials containing 
the defined medium for approximately 24 hours. (In some tests where 
synchronization of a culture is not important, they were allowed to 
Oviposit for about 48 hours). Such cultures have an internal control 
since the survival of female offspring, but not males, or the delayed 
eclosion of males relative to females is indicative of an X-linked 
mutation. To confirm supplementability of such effects, identical 
tests were performed on yeast-sucrose medium. 

A mutant effect was generally retested on at least three 


different batches of defined medium and a total of at least 20 single 
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vial cultures. 


b. Supplementation Tests 


Soon after the confirmation of a mutant effect, strains were 
tested for supplementation with RNA (0.4%) or a mixture of the four 
ribonucleosides, adenosine, guanosine, cytidine, and uridine (0.1%, 
each). Those mutants which did not respond have not been further 
tested with respect to supplementation and are referred to as putative 
auxotrophs. Those strains which do respond were tested with 
individual nucleosides (0.1%) and were categorized on the basis of 
this test as purine or pyrimidine auxotrophs. Tests were performed 
in XX/Y cultures in the manner described above (10 - 15 adults per 
vial, for 24 - 48 hours). Experimental results generally represent 
the sum of at least 10 single vial cultures from at least two 


different batches of medium. 
c. Mutant Nomenclature 


The loci of putative auxotrophs are designated yea 1, 
yea 2, etc., on the basis of their yeast-sucrose supplementation. A 
hyphenated allele number follows this locus designation and it is 
followed by the superscript ''ts' or "'sd'' in the case of temperature 
sensitive or slow developing auxotrophs respectively, e.g. yea 2-284, 
Other mutations are similarly identified by their 


supplement, i.e. pur, gua, ade or pyr. 


In some cases an auxotrophic mutation is associated with 
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a previously identified morphological locus. In such a case the 
mutant is given the symbol ascribed to it in Lindsley and Grell 
(1968), together with a superscript with its auxotrophic designation, 


e.g. pPyt as 


d. Mutant Localization 


Mutations were localized using pnv mwy f (stock 4, Table 1). 
Mutant males were crossed to virgin pnv mwy f hoMozygous females on 
yeast-sucrose medium, The Fy offspring of this cross were allowed to 
mature for several days and then 10 - 15 adults per tube were placed 
on individual vials containing unsupplemented defined medium. Parents 
were transferred to fresh vials at 24 - 48 hour intervals. The 
genotype of the surviving male progeny were scored and from this data 
the approximate map position was determined (see Appendix, for 
details). 

Several of the mutants were localized between forked and 
the centromere. The map position of these mutants was rechecked in 
the same manner as above, but using stock 5. The advantage of this 
stock for this purpose, together with the methodology of mutant 


localization, is described in the Appendix. 


e. Complementation Tests 


Mutations which had similar map positions were tested for 
complementation. The crosses which were used for this purpose are 


described together with the results in the appropriate tables. 
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se Analysis of Pleiotropic Effects 


i. All mutants were made homozygous and tested for fertility of 
homozygous femalesby the following series of crosses (* indicates the 


mutation-bearing chromosome) : 


FM 7b 
P ——— (stock 3) X 
FNC 4 
FM 7b ‘ 
F X —_—-—- 
i rm — 
z * 
F, X —--— 
* a Sa 


ii. Mutants were tested for viability on the complete medium at 
29° and at 18°. This was performed by placing 10 - 15 adults of the 
XX/Y culture of each mutant on the yeast-sucrose cultures and scoring 


male offspring relative to their XX/Y sisters. 


iii. Dominance - Most mutations were tested for dominant effects 


in conjunction with the pnv mwy f mapping experiments in the following 


manner: 
* 
p pnvmwy f x 
pnvm wy f “A 
F, pnvmuy f x ag vmuwy f 
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F, The number of pn v m wy f females relative 
to +++++ were scored. A reduction 
of +++++ females is indicative of 


dominance. 


iv. Wing Abnormality of Pyrimidine Auxotrophs - The degree of 
the rudtmentary wing expression was quantified in the manner described 
by Green (1963). Ten females and ten males homozygous for the 
pyrimidine auxotrophy are scored as either 1, 2, 3, or 4 depending on 


the extremity of the mutant wings. This is shown in Figure 2. 
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PIGURE SZ 


Categorization of wing phenotype of mutations at the 
rudimentary locus. (a) Amherst eile: Score: 4. 

(b) (r)PY™ 1-4 male; Score: 4. (c) ,»PY™ he male; 
Score: 3. (d) vP¥F oS male- score +2. 

(e) rPY Pal. Score: 1. The method of scoring was 
derived from Green (1963). The rationale for the 


parentheses i.e. (vr), in (b) above, is described at a 


TALC ApOints(SeGap. 09). 


a2% 


® “Un 7 : 
; 4 
eae Ae lle st 
¥ F } § : ane ’ zy } é. é . . 
: Odi a) , ran ( ae by 
’ i i. Ras i , ist - ; 


i 
wi hi ¥ a : 
7! My ; " if 
iy, te fy 


RESULTS 
1. THE SEARCH FOR MUTANTS 


In the course of the mutant search, two basically different 
selection procedures have been utilized. The first is a constant 
temperature (25°) screen (screens 1 - 3, Table 3). The second 
includes a temperature shift (screens 4 - 6, Table 3) designed to 
recover larval temperature sensitive mutations. 

Six of the 1694 X chromosomes (0.35%) analyzed in the 
constant temperature screens carried nutritional mutations complying 
with the established criteria (less than 5% viability or a three day 
developmental delay). In the temperature shift screens, 3961 
X chromosomes were analyzed, of which 24 (0.60%) carried nutritional 
mutations. Eight of these (0.20%) showed temperature sensitivity’, 
whilst the remaining 16 (0.40%) showed characteristics which would 
have been evident at 25°C. 

Screen 1 was less stringent in nature than the other five. 
In addition to the three mutations listed in Table 3, eight other 
strains were selected which have less extreme nutritionally 


supplementable defects. Two of these become extreme upon culture at 


ay temperature sensitive auxotroph is hereby defined as one which 
does not comply with the mutant criteria (5% viability or, greater 
than three day developmental delay) at 25°, but does at 29°. 
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O : 
29°, whereas the remainder do not. The latter six will not be 


discussed in detail here since they are described elsewhere (Falk and 


Nasnigecl9 7.2). 


2. PRELIMINARY CHARACTERIZATION 


After isolation and confirmation, the first step in 
characterization was the RNA supplementability of a mutant effect. 
Those which did not respond to RNA were not further characterized with 
respect to supplementation and have been designated ''putative 
auxotrophs''. Eight putative auxotrophs were isolated and the auxo- 
trophy, of dive .of theses sensitivesto, temperature .(lable,4),. 

Those which responded to RNA were further tested with 
individual purine and pyrimidine nucleosides. These mutants fit into 
two classes, those which respond to at least one purine nucleoside 
(purine auxotrophs) and those which respond to both pyrimidine 
nucleosides (pyrimidine auxotrophs). There are four purine auxotrophs, 
one of which is temperature sensitive. Of the 20 pyrimidine 
auxotrophs, four are temperature sensitive (Table 2). Three of the 
32 mutants are characterized by a developmental delay of at least 
three days on the restrictive medium. One is purine nucleoside 
supplementable, the supplementation of the other two is as yet 


undefined. 
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3. THE PUTATIVE AUXOTROPHS 


The eight putative auxotrophs were mapped (Figure 3, also 
see Appendix), and those with similar map positions, tested for. 
complementation (Table 5). Seven loci have been identified, all 
except one of which are represented by one allele (Figure 3). The 
mutants are of three types: those which are lethal on Sang's at 25° 
(yea); those which are lethal on Sang's at 290 (yea’>): and those 


which develop slowly on Sang's eee 


a. The yea Mutants 


Three mutant strains require yeast for survival at 25°C but 
show little or no response to RNA (Table 6). These putative auxo- 
trophic mutations map at quite distinct loci, yea 3-1, 0.7; yea 1-1, 
36.6; yea 5-1, 66. Their biochemical defect has not been character- 
Pca. 

All three of these mutant strains are unsupplementable at 
a temperature extreme. yea 1-1 is a cold sensitive lethal, the other 
two, yea 3-1 and yea 5-1 are heat sensitive (Table 6). Since the 
temperature sensitivities map as mutations close to or at the same 
site as the primary nutritional loci (Table 7), it is assumed, there 
being no evidence to the contrary, that in each case the temperature 
sensitivity is a pleiotropic. effect of the nutritional mutation. 

The yea 1-1 X chromosome bears a ''genetically rescuable" 
female sterility mutation. Females homozygous for this X chromosome 


produce no viable offspring unless fertilized by a non-mutant X-bearing 
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TABLE 5 COMPLEMENTATION ANALYSIS OF PUTATIVE AUXOTROPHS* 
yea 4-2°5 spa IES yea 3-1 
yea 3-1 pasiass) + (34-44) - (0-9) 
veces = (055) - (1-40) 
yea 4-2°5 & (0-17) 
yea pee 
yealo-te + (6-8) 
yea pe - (2-40) 


Only those mutations with similar map positions were tested for 
complementation. 


Hema le pEovgenyrot-erossest sea nr (ory) yea. "yor Bx") 7 
FM7b were scored. The numbers in brackets represent the number of 
yea 'x'/yea 'y' and the number of yea 'x' (or 'y')/FM7b female 
progeny respectively. Larvae were cultured at 299, embryos and 
pupae at 25~C. Progeny of crosses involving yea 4-184 were scored 
only over the first three days of emergence. All mutations had 
earlier been confirmed as recessive. The data from the reciprocal 


crosses are combined. 
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TABLE 7 COMPARATIVE MAPPING OF THE AUXOTROPH AND TEMPERATURE 
SENSITIVE LETHAL PHENOTYPES OF THE yea MUTANTS 


SANG'S | YEAST 
(25°C) 


SANG'S 
(25°C) 


SANG'S | YEAST |] SANG'S | YEAST 
(25°C) 1° (189C) 1.(259C) 1 (79°C) 


1158 shila 241 270 Zoo 120 


Values are expressed as percentage of the total. Females heterozygous 
for the nutritional mutation and the pn v m wy f chromosome were 
crossed to pn v m wy f males. The male offspring were classified 
according to phenotype. Crosses were performed on Sang's medium with- 
out RNA and on yeast medium at a temperature previously shown to be 
lethal for the strain being mapped. The critical data, showing the 
interval containing the mutationare underlined. Note that both the ts 
and the auxotrophic effects of yea 5-1, map to the right of forked. 
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TABLE 8 GENETIC RESCUE OF THE FEMALE STERILITY OF yea 1-1 


(All female) 


Wild type (Amherst-Oregon, see Materials and Methods) 


Two males and two virgin females less than one day old 


were placed in shell vials. Parents were discarded on 
the eighth day. 
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TABLE 9 MAPPING OF THE AUXOTROPH AND FEMALE 
STERILITY PHENOTYPES OF yea 1-1 


PERCENTAGE EXPECTED* NO. CHROMOSOMES NO. BEARING 9 


PHENOTYPE TO CARRY THE AUXO- TESTED FOR STERILE MUTATION 
TROPHIC MUTATION STERLENLY. 
prever tat 100 5 5 
pnovmtt 7 7 0 
a 
See Table 6 


Females heterozygous for yea 1-1 and pn v m wy f were crossed 
to pn v mwy f males. pn v + + + and pn v m + + males were 
individually crossed to FM7b/yea 1-1 females. The non-FM7b- 
bearing females from each culture were checked for fertility 
by crossing to yea 1-1 males. 
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sperm (Table 8). All resulting offspring are female. This mutation, 
like the auxotrophic and cold sensitive lethal mutation(s), maps very 
near mintature (Table 9) and thus it seems likely that the female 


sterility is a third pleiotropic effect of the same mutation. 


b. The yea‘S Mutants 


Three mutants require yeast for survival at 29°C, but not at 
lower temperatures (Table 10). They are yea Aa? ae yea ae and 
yea 6-1 seat map positions 5, 16, and 45 respectively (Figure 3 and 
Appendix). Two of the strains, yea 4-2°S and yea 2-15 are approxi- 
mately 75% viable on defined medium at 20°C, the other yea 6-1°5 is 
20% viable. The viability of the three strains at 29° is not 
influenced by nucleosides (Table 10). 

yea 4-2'5 and yea 6-1°> were isolated in the temperature 
shift screens designed for the isolation of larval ts auxotrophs. As 
mentioned in the Materials and Methods, one of the goals of such a 
screen was the isolation of ts auxotrophic mutations in genes 
unconditionally required during the unsupplementable embryo or pupal 
stages and thus not normally amenable to auxotrophic analysis. Such 
mutations would be lethal if the pupal and embryo stages were kept at 
299, Neither of these mutants is ts lethal and they do not,therefore, 
figeinto this; category. 

yea 2-1'S was isolated in a constant temperature screen 
(screen 1, Table 3) as a semi-lethal, slow developing mutant at Ase 


The temperature sensitive period of this mutant has not been determined. 
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c. The yeas Mutants 


Several mutants have been isolated which show reduced 
development rate on defined medium, but develop at a normal rate on 
yeast-sucrose medium. One of these is adenosine supplementable and 
will be dealt with later. Two others, yea ee and yea 7 ties are 
unresponsive to RNA and will be described here. These mutants map at 
3 and 53 respectively (Figure 3 and Appendix). At 290, yea heals 
males do not eclose until five or more days after eclosion of their 
XX/Y sisters but they are completely viable (Table 11). yea ee 
even greater delay as well as a yeast supplementable decreased 
viability (20%) (Table 12). Both mutations are temperature sensitive. 
The delay and, in the case of yea in the semi-lethality are less 
extreme at lower temperatures (Table 11, Table 12). 

yea fem is an allele of yea ee Although both are 
temperature sensitive, yea qe7tS is distinguishable from its allele by 
lethality on the defined medium at high temperatures (Table 10). 

In summary, the putative auxotrophs represent seven 
apparently distinct loci. The expression of all mutations is 


influenced by temperature and one of the mutations is also associated 


with a genetically rescuable, female sterility effect. 
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4, THE PURINE AUXOTROPHS 


At least two purine loci have been identified. One of 
these is represented by only one allele (ade ese and it is located 
just proximal to forked at about 57 (Figure 3, see also Appendix). 
The other locus is complex in nature and maps at about 31 (Figure 3, 
see also Appendix). Three mutations map in the latter region, 
Gaael-l, pur 1-1, and pur 1-2, pur 1-1 and pur 1-2 do mot 
complement (Table 13a). gua ley iyi pur 1-1 heterozygotes are 
delayed in eclosion, although they have high viability, and heter- 
ozygotes between gua 1-1°S and pur 1-2 show almost complete comple- 
mentation, even with respect to development time (Table 13b). 

Each of the purine auxotrophs has unique characteristics 


and these will be described separately. 


A, 2epereee 


ade 1-154 


males eclose about three days later than their 
XX/Y sisters on the unsupplemented medium. Pyrimidines have no effect 
on this delay (Table 14). Guanosine does not affect the development 
time, but it does lower the viability (Table 14) indicating an 
enhancement of the mutant effect. In contrast, adenosine suppresses 
the mutant phene. ade eget males have normal viability and develop 
at close to a normal rate in the presence of this purine. 

Although only one allele has been isolated at this locus, 
sd 


this is probably not a true indication of its mutation rate. ade 1-1 


was isolated in the less stringent screen 1 (Table 3). In later 
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TABLE 13 COMPLEMENTATION ANALYSIS OF gua 1 and pur 1 AUXOTROPHS 


a. On the basis of survival. 


pur Va pure iat 
put 1-1°° #0 (19219) * (55-74) 
pur 1-1 - (0-28) -~ (0-24) 


gua 1 


e522) 


Female progeny of crosses, strain 'x' (or 'y') males X 


strain 'y' (or 'x') / FM7b females were scored. The numbers 


in brackets represent the number of strain 'x' / strain 'y' 


and the number of strain 'x' (or 'y') / FM7b female progeny, 


respectively. Larvae were cultured at 292Gr 
The data from the 


had earlier been confirmed as recessive. 
reciprocal crosses are combined. 


All mutations 


continued on next page 
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TABLE 16 COMPARATIVE LINKAGE STUDIES ON THE NUTRITIONAL 
AND FEMALE STERILITY MUTATIONS OF THE gua 1-1tS 
CONTAINING X- CHROMOSOME 


PERCENTAGE EXPECTED* NO. CHROMOSOMES NO. BEARING 
PHENOTYPE TO BEAR gua 1-1ts TESTED FOR FEMALE STERILE 
FEMALE STERILITY MUTATION 


| AA ea gs Ne 83 7 7 


Piatt 0 6 6 


* Calculated from mapping data shown in Appendix. 


Females heterozygous for gua ett eeand pn vm wy f were 
crossed to pn v mwy f males. pn++++ andpnovut++t 
males were individually crossed to FM7b/gua 1-1'S females. 
The non-FM7b-bearing females from each culture were checked 
for fertility by crossing to their brothers. 
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TABLE 17 ECLOSION PATTERN OF pur 1-1 and pur 1-2 ON ADENOSINE 
OR GUANOSINE SUPPLEMENTED MEDIUM 


a. + Adenosine 


AY see DAYS 2 DAY ©5 a DAY ope DAVES a DAY. Gur ELAYe7 


66 90 94 


b. + Guanosine 


4S 

R 

b 
bs 


Tests were carried out at 25°C on Sang's medium with 0.1% adenosine or 
guanosine. Day 1 represents the first day of adult emergence. Values 
are expressed as cumulative totals. Day 7 represents the final total, 
since it was the last day of emergence. 
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screens, cultures were not saved for retesting unless the delay was 
greater than four days, thus a mutant with the properties of ade ein 
would not have been detected, 

ade ties is not sensitive to temperature. It has been 
checked on the defined medium to see if the auxotroph phene would be 


more extreme at high temperatures and also on yeast-sucrose at 29° 


and 20° as a check for ts lethality. Both tests were negative. 


b. gua 1-1°S 


gua 1-155 was originally isolated at 25°C (screen 1, Table 3), 


at which temperature it has a developmental delay of one day and 
approximately 50% viability. Subsequent testing showed it to be 
almost lethal on defined medium at 29°C (Table 15). The mutant is 


supplementable by guanosine but not by adenosine. 


The gua 1-1°> x chromosome carries a female sterile mutation. 


Mapping data, however show that this phenotype is the result of a 
mutation elsewhere on the chromosome (Table 16). In contrast to the 
nutritional mutation, the female sterility maps proximal to vermiltion. 
In addition, the gua 1-1°5 chromosome has a mutation resulting in 
orange eyes, but this also is distinct from the purine auxotrophy. 
This mutation maps near the distal tip of the chromosome and is an 


allele of the whtte locus. 


Cc. pur 1-1 


Like gua jee the lethal effect of the pur 1-1 mutation is 
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guanosine supplementable (Table 15). However, unlike the former 
mutant, pur 1-1 is partially remediable by adenosine. The adenosine- 
rescued males are delayed by several days (Table 17). 

pur ll isia relatively ‘leaky. mutation. (Vaability at 
25°C is about 7%. Flies which are successful in completing devel- 


opment appear to be approximately half the normal body size. 


Ors og eet d hey. 


pur 1-2 is the most extreme of the three mutations in this 
region. It has about 3% viability at 25°C in the absence of purines 
(Table 15). Unlike pur 1-1, the escapers are not noticeably small 
in size. Furthermore, the lethality of pwr 1-2 is fully supplemented 
by either adenosine or guanosine. No developmental delay is found 
with adenosine (Table 17). 

To summarize the latter three mutations: they are all 
guanosine remediable; one (gua jaye) is not affected by adenosine, 
another is fully supplemented by it (pur 1-2), and the third is 
intermediate in this respect; the two which show some adenosine 
supplementation do not complement (pur 1-1 and pur 1-2), but both do 


. ts 
complement. (at least to some extent) with gua l-l™. 
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5. THE PYRIMIDINE AUXOTROPHS 


Twenty pyrimidine dependent strains were isolated. Of 
these, 16 are auxotrophic at 25°C and their response to nucleoside 
supplementation is shown in Table 18. The four other mutations do 
not fit the pre-established criteria for auxotrophy («5% viability) 
at eat | but do (or, in one case, almost do) at 29°C. These mutations 
are described in Table 19. All twenty map in the same region (52-56) 
of the X chromosome (Figure 3, see Appendix for detailed data) 
suggesting allelism, but complementation testing is difficult since 
all mutations show some degree of dominance with respect to pyrimidine 
requirements (Table 23, col 2). Since a number of the mutants have 
abnormal wings, an effect which is not dominant, complementation analysis 
has been possible at this level. None of the eleven mutations resulting 
in mutant wings complements (Table 20) with the 'non-complementing" (see 
below) rudtmentary allele, pe (Carlson, 1971). Therefore, these eleven 
are all part of the rudimentary locus (r; 1, 54.5), recently established 
as a site for pyrimidine auxotrophs (Norby, 1970). 

Carlson. (1971) has. shown _that.there.as.an.excellent 
correlation between complementation pattern and intrelocus map 
position of rudimentary alleles. A sample of four mutations was taken 
from the collection he studied: sae does not complement with a number 
of alleles mapping near it at the distal end of the locus; rt and ?? 
will not complement with alleles in the central region of the locus; 
finally, aa is a representative of a third group and will not 


complement with most alleles mapping in the proximal part of the locus. 
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TABLE 20 COMPLEMENTATION ANALYSIS OF PYRIMIDINE 


AUXOTROPH/r45 HETEROZYGOTES 


MUTATION HEMIZYGOTE WING, SCORE, , WING, SCORE 
VIABILITY® (%) POE a ge te pPYt * Ip 

yeyt aa 0 1.0 not checked 
pyrd8 0 11 1.3 
Joe ae 0 1.1 1.8 
prt 0 133 1.6 
{BeOS 0 185 ie 
podetele 0 153 209 
oe oe 0 2.2 2.0 
jn Ae 0 3.0 7 
Abe oll 0 3.0 3.0 
pp yes D 0 ser pal 
peyr 1-11 0 3.4 3.0 
sal eo 0 4.0 4.0 
Geyeyt i°4 <1 4.0 ae) 
me = 4 3 4.0 4.0 
pe Le 4 4.0 4.0 
eee 5 4.0 4.0 
Ge ee 8 4.0 4.0 
(pyPyr 1-6" 8 4.0 4.0 
(r)PYT 1-5°S 18 4.0 4.0 
caypynei rs 23 4.0 4.0 
Amherst 100 4.0 4.0 
45 2.4 


a 


Data taken from Table 18 or 19 (unsupplemented medium). 


All data are from experiments carried out at 25°C) 

10 (r)PYT X / r45 and 10 (r)PYT * / (r)PYT X females 

were scored for the degree of rudimentary wing effect as 
described in Materials and Methods. A score of 1 represents 
extreme rudimentary wings, a score of 4 represents wild type 
wings. 
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TABLE 21 COMPLEMENTATION OF RUDIMENTARY-WING PYRIMIDINE AUXOTROPHS 
WITH FOUR PREVIOUSLY LOCALIZED RUDIMENTARY MUTATIONS 


WING SCORE® COMPLEMENTATION WITH: 
MUTATION OF HOMOZYGOUS i 7 0 
FEMALE Yr LP Yr 
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o Data taken from Table 20. 


ty? iyt 
yy /~PYT'*' female progeny of the cross Ter s a X C1B/y” were scored 
for the presence or absence of rudimentary wings. All tests were 
Carniedsout ate 25°C. 
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TABLE 22 
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EFFECT OF PYRIMIDINE NUCLEOSIDES AND THEIR PRECURSORS 
ON THE SURVIVAL OF (r)pyr 1-1 


SUPPLEMENT 


None 


+ 


‘Carbamy1 i 
Phosphate 


Carbamy1 
Aspartate 


Dihydro-orotate 
Orotate 
Uridine 


Cytidine 


dad 
tis 
305 
154 


240 
116 


192 


ZL) 
187 
278 
153 


All supplements were added at a concentration of 4.0 mM 


to Sang's medium without RNA. 


ahem ON 


Cultures were maintained 


It is unlikely that carbamyl phosphate would enter cells 


without modification, due to the phosphate part of the 


molecule. 
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TABLE 23 THE PATTERN OF MUTANT PHENOTYPES OF PYRIMIDINE AUXOTROPHS 


ee ee eee ee eee eee 


HETEROZYGOTE HEMIZYGOTE SUPPLEMENTATION 

MUTANT VIABILITY ($) VIABILITY (3) WING SCORE (0.1% pyr nucleoside) _ FERTILITY 
pvt 1-14 tl. ey? 0 is Partial 0 
wyt 1-19 6 (5.4,5.8) 0 1.0 Partial 0 
miss 6 (1.8,7.8) 0 1.5 Partial 0 
Pract 6 (3.2,9.4) 0 125 Partial 0 
mee te) PSs 180) 0 1:5 Partial 0 
pate e 12 (5.6,20.5) 0 i Partial 0 
pbyt 1-12 13 (10.7,14.8) 0 25 Complete 0 
Ae ES - 18 (14.0,28.0) 0 3.1 Complete 0 
era 24 (19.4,33.2) 0 3.0 Complete 0 
per reaa 24 (22.5,25.9) 0 3.2 Complete <lt 
gjpe ae 30 (35.0,20.3) 0 4.0 Complete Fertile 
ABe as 41 (42.6,39.3) 0 me Se7 Complete <1s 
es! 41 (53.4,34.4) 5 4.0 Complete Fertile 
Gey 47 (47.9,45.8) 4 4.0 Complete Fertile 

primi st? : 
(ry) 47 (70.0,28.1) 8 4.0 Complete Fertile 
(PY 1-688 48 (49.8,51.6) 8 4.0 Complete Fertile 
‘ejb 53 (60.8,43.3) 3 4.0 Complete Fertile 
ppt 59 (55.7,64.2) <1 4.0 Complete Fertile 
(eyPYt 1-558 62 (64.9,60.1) 18 4.0 Partial Fertile 
(PYF 1-788 68 (85.6,57.6) 23 4.0 Complete Fertile 


Incubation temperature was 25°C for all experiments except the supplementation testing of 
(r)PYT io} (np) PYF 1-55 (r)PYT re ack In the latter case the larvae were cultured at 
25°C: pupae and embryos at 20°C. Heterozygote viability was determined as described in 
Materials and Methods. The value reported is the average from two experiments and the 
values of each of these two experiments are shown in parentheses. Hemizygote viability 
data is taken from Tables 18 and 19. Wing score was determined by the method described in 
the Materials and Methods, It is based on the analysis of ten males and ten females. 
Supplementation data is taken from Tables 18 and 19. Fertility was determined by the 
method described in the Materials and Methods. 
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Some alleles will not complement with any rudimentary mutations 
(Fahmy and Fahmy, 1959; Green, 1963). Complementation analysis of 
these gives no localization information. Three of the present eleven 
alleles fit into this last category. The other eight all complement 


ih 


with the mutations at the two ends of the locus but not with pt and 


ae (Table 21). This suggests that these eight mutations are all 


= and ae 


localized around r 

Nine of the pyrimidine auxotrophs have normal wings. This 
might be indicative of such mutations not being a part of the 
rudimentary locus, but several lines of evidence suggest that this is 
not the case. Two of the normal wing auxotrophs have essentially zero 
viability in the absence of pyrimidines“, (r)PY* een (r) PYF ae 
When one of these, (r)PYF re is heterozygous with ae most of the 
resulting females have rudimentary wings (Table 20). In the case of 
(r) PY See eMOSt heterozygotes with vr have wild type wings, but a 
few (less than one in ten) have a slight rudimentary effect. The 
remaining seven, all of which are "leaky" auxotrophs have normal wings 
as heterozygotes with a 

One of the normal wing mutants (r)PY™ 1-1 as tested for 
supplementation with pyrimidine precursors. The results were the same 


as for previously published studies with rudimentary mutations 


resulting in abnormal wings (Norby, 1970). The second precursor, 


ST nn EE 


: Those mutations which are probably rudimentary alleles even though 
they have normal wings (see text for evidence), are given the 
designation (x), followed by their auxotroph designation as a 


superscript. 
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carbamyl aspartate and precursors following it in the pathway are 
capable of supplementing the mutant effect (Table 22). 

Like the abnormal-wing mutants, the mutants with nomal 
wings are partially dominant with respect to auxotrophy. The degree 
of dominance is not the same for all mutations. Table 23 lists the 
mutants in order of dominance. It varies, from a heterozygote 
viability of 5% in the absence of a pyrimidine source to almost 70% 
(Table 23). The order must not be taken as exact since there is 
fluctuation between the two experiments. However, it is apparent 
that the degree of expression of the various mutant phenes of 
rudimentary correlates very closely. The mutations which result in 
very low heterozygote viability also have the most extreme rudimentary 
wing effect. Such mutations are only partially supplementable with 
0.1% pyrimidine nucleosides and are sterile as homozygous females. 
Those mutants with an intermediate degree of dominance (10 - 40%) 
also have an intermediate wing effect; they are completely 
supplemented by 0.1% pyrimidine nucleosides and some are at least 
partially fertile as females. Lastly, those mutations which are the 
least dominant are often leaky auxotrophs, have normal wings and are 


fertile as females. 
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DISCUSSION 
1. EMS AS A MUTAGEN 


Chemically, ethyl methane sulfonate (EMS) alkylates guanine 
to eetinennee anc with lesser efficiency, adenine to 3-ethyl- 
adenine or 1-ethyladenine (Brooks and Lawley, 1961; Lawley and Brooks, 
1963). Genetically, EMS induces many GC to AT transitions, as well 
as lesser numbers of AT to GC transitions, base insertions and 
deletions, and non-revertible mutations in Neurospora crassa (Malling 
and de Serres, 1968). Similar results with bacteriophage, T4 led to 
the suggestion that EMS induces pairing errors, 7-ethylguanine with 
thymine and 3-ethyladenine with cytosine, as well as replication 
errors at the site of gaps produced by the hydrolysis of 7-ethylguanine 
(kro. 1965)" 

The greater complexity of higher eukaryote chromosomes as 
compared to those of lower organisms might result in some basic 
differences in the chemical nature of EMS-induced mutations. However, 
it is clear that the majority of EMS induced mutations in Drosophila 
are not associated with chromosome aberrations (Lim and Synder, 1968) 
and most appear to be single gene mutations (Lifschytz and Falk, 1969; 
Judd, Shen, and Kaufman, 1972). Exceptions do exist and small 
deletions, larger deficiencies (Lifschytz and Falk, 1969), an inversion 
(Vyse, 1969) and a translocation forreliattieet aly 1975) have: been 


isolated in EMS-mutation studies. 
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In the present experiments, the mapping data (Appendix) 
demonstrate that none of the nutritional mutants are associated with 
large chromosomal aberrations and is consistent with their pwns 


arisen as single point mutational events. 


2. THE PUTATIVE AUXOTROPHS 


Eight mutants with low viability or slow development rate on 
Sang's medium are supplemented by yeast, but not RNA. Additives other 
than RNA have not been checked for supplementation, and expression of 
the mutant phenotypes is,therefore, conditional upon nutritional 
factors which are as yet undefined. 

In addition, mutant expression is conditional upon envir- 
onmental temperature. Three of the putative auxotrophs are lethal at 
a temperature extreme, whereas the auxotrophy of the other five is 
temperature sensitive. In bacteria, mutations which are temperature 
sensitive can result in the production of a thermolabile protein 
which becomes non-functional at higher temperatures (Jockusch, 1966). 
Some evidence exists suggesting that this may also be the case in 
Drosophila (Suzuki, 1970; Camfield and Suzuki, 1972). A basic 
prediction of this model is that some non-temperature sensitive 
alleles will exist which will inactivate the protein regardless of 
temperature. Information on the frequency at which such alleles exist 
relative to their temperature sensitive counterparts, is not available 


in the literature. But in Drosophila temperature sensitive lethals 
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over the whole X chromosome occur 6.3% as frequently in response to 
FMS,as lethals which are not sensitive to temperature (Suzuki et al, 
1967). On the basis of these results and the prediction of the 
current interpretation of temperature sensitivity, the expectation was 
that non-temperature sensitive yea mutations would exist and probably 
be in the majority. Instead, none were found. 

Although it is quite likely that further screening would 
result in the detection of such mutations, at this point it seems that 
yea mutations which are not sensitive to temperature are relatively 
Tare sesolce rae finding may COnEraciee a rather basic prediction of 
the thermolabile protein hypothesis, the possibility that the 
temperature sensitivity of these mutants has a different basis 
warrants consideration. It seems possible for example that an 
organism with heritable metabolic inefficiencies may be inviable at 
temperatures which approach the limit for viability of wild type 
flies. This need not necessarily be the result of a decrease in the 
activity of an enzyme at high temperatures. Rather, it may be the 
result of an increased demand for a particular metabolite at high 
temperatures. If such a metabolite is present in short supply even 
at lower temperatures due to a mutation, the increased demand at 
higher temperatures could result in lethality. Whether or not this 
explanation is applicable to the putative auxotrophs will become more 
clear after the biochemical basis of these mutations is known. 

Biochemical information on at least some of these strains 


will be likely to come through an analysis of the effect of dietary 
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manipulations on yiability. Some of the strains for example, may 


be blocked in the synthesis of certain vitamins. Examples include 
cyancobalamine, inositol, or para-aminobenzoic acid and such strains 
might respond to their addition. The low viability of other strains 
on defined medium, may be due to defects in aspects of metabolism 

such as the processing of carbohydrates, or the production of certain 
steroids or fatty acids, The higher viability of strains such as 
these on yeast may be a response to a higher concentration of a 
particular component (for example, sucrose in the case of carbohydrate 
mutations). Alternatively it might result from the greater variety of 
components present in yeast, either through the provision of a 
required end product, or the provision of additional substrates 
allowing for more leeway in the use of alternative pathways. Attempts 
to mimic the yeast supplementation of these mutations with specific 
dietary alterations should provide insight into the nature of the 
metabolic deficiency of a strain, but there is a second approach which 
May prove just as useful. This approach is the analysis of effects 
which enhance the expression of a mutation. For example, a mutant 

in carbohydrate metabolism may become lethal on yeast in the presence 
of a carbohydrate-specific metabolic inhibitor at a dose which normally 
does not affect viability. Or, a mutant might become lethal on Sang's 
at a normally permissive temperature, either in response to an 
inhibitor or in response to a low concentration of a normal constituent 


(e.g. cholesterol in the case of steroid mutants). 
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Some of the yea mutants will probably not yield to 
biochemical analysis. Mutations which affect feeding behaviour or 
digestion, for example, may prove particularly difficult to analyze. 
However, problems such as these are associated with almost any 
collection of mutants and the significant point is that the metabolic 
deficiency of at least some of these can probably be determined 
through nutritional alteration experiments as described above. 

One of the putative auxotrophs yea 1-1 is a genetically 
rescuable female sterile mutation. Many alleles of the pyrimidine 
auxotroph, rudimentary have the same characteristic, and Norby (1970) 
has interpreted this result as being indicative of a lethal RNA 
deficiency in the eggs of females homozygous for this mutation. He 
suggests that if such eggs are fertilized by an X chromosome bearing 
a wild type allele, the resulting pyrimidine synthesis occurs in 
time to replenish the pyrimidine pool before embryonic lethality 
occurs. It seems likely that an analogous explanation is the most 
likely interpretation of the yea 1-1 mutant as well. Probably, the 
same mutation which causes the nutritional defect in larvae results 
in a deficiency in the eggs of homozygous mutant females which is 
not nutritionally supplementable, but can be replenished through 
fertilization by a sperm bearing a wild type allele. 

Some other mutants are fertile as homozygous females, but 
generally at a much lower level than wild type. The level Cire bela LU 
of these mutants is extremely variable and preliminary results suggest 


that this is due to variation in the availability of nutrients. Such 
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strains might prove consistently sterile if placed on the adult 
defined medium of Sang and King (1962). Recent results show that 
the female sterility of rudimentary is compensated by feeding high 
concentrations of pyrimidines (Bahn, 1970) . Future experiments may 
demonstrate that these mutations, like rudimentary, belong to a class 


of mutants which are conditionally female sterile. 


3. THE PURINE AUXOTROPHS 


Purine biosynthetic mutations in bacteria are generally of 
three types with respect to adenine and guanine supplementation. Some 
respond to either purine. These are usually blocked at a step prior 
to the production of inosine monophosphate (IMP) (Figure 4). Others 
respond to adenine but not guanine. They are blocked in one of the 
two steps between IMP and adenine monophosphate (AMP). Finally, there 
is a group which is guanine supplemented and these are blocked in one 
of the two steps in the conversion of IMP to GMP (Magasanik, 1957). 

In this light, it as interesting/that the four purine 
mutations isolated in these experiments fit into three analogous 
categories with respect to nucleoside supplementation. Two, pur 1-1 
and pur 1-2 are remediable by adenosine or guanosine. The other two, 


: and gua 1-1°5 are supplemented by only one of these 


ade 1-1° 
nucleosides. Since the purine biosynthetic pathway in animals is 
very similar to that of bacteria (Moat and Friedman, 1960), it is 


possible that these mutations have the same basis as their bacterial 
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FIGURE 4 PURINE MONONUCLEOTIDE BIOSYNTHESIS 


(10 steps) 


_XMP ‘this’ g-adenylosuccinate 


Abbreviations used: 


GMP - Guanosine monophosphate 

IMP -  Inosine monophosphate 

PRPP - 5-Phosphoribosyl pyrophosphate 
XMP - Xanthosine monophosphate 


AMP - Adenosine monophosphate 
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counterparts. Conclusive evidence on this point, is clearly 
dependent upon a biochemical analysis of these strains. 

The proximity of the gua 1 site to the pur 1 site is a 
striking result, particularly in light of the complementation data. 
On a purine-free medium gua 1-15 /pur 1-1 or 2 heterozygotes survive at 
close to a normal frequency (Table 13a). If however, development 
time of such females is examined, it becomes evident that gua isan 
pur 1-1 flies are slow (Table 13b). This implies a functional rela- 
tionship between these two mutants and evidence for this is 
strengthened by re-examination of the supplementation data (Table 17). 
With respect to adenosine supplementation pur 1-1 differs from its - 
ale leven l-2ee ypu -damutantseare noteablestoydevelop atethe 
normal. rate on adenosine. Thus, like gua Neate pun 1-1.is inefficient 
at utilizing adenosine as a supplement. 

I believe it would be worthwhile at this point to propose 


a working hypothesis based on this data. There are three elements to 


this hypothesis: 


a.) pur 1-1 and pur 1-2 are mutant at a step prior) to 
IMP synthesis. 
b. gua ees is mutant for one of the enzymes converting 


IMP StouGir: 


c. pur 1-1 has a slight polar effect, such that it also 


affects the gua 1 locus. 


The complementation and supplementation data are consistent with all 
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three elements of this hypothesis. Unfortunately, most of the 
analysis of these mutants has been carried out very late in the 
present study. Some of the tests involving supplementation testing 
with inosine and xanthosine are now in progress, as is a more 
thorough analysis of complementation. However, even the results of 
these tests will only become conclusive after an analysis of these 
strains at the biochemical level. 

The close linkage of gua 1-1°5 to the puree locuse Ss Of 
particular interest from the standpoint of genetic regulation. In 
bacteria, several of the purine biosynthetic enzymes are closely 
linked. For example, the two genes gua A and gua B, which code for 
the enzymes catalyzing the two steps in the synthesis of GMP from 
IMP are linked and co-ordinately controlled in Fschertchia colt 
(Nijkamp and DeHaan, 1967). Close linkage and co-ordinate regulation 
of genes controlling the synthesis of metabolically related enzymes 
is common in bacteria. In higher organisms however, the situation is 
not clear due to the small number of loci that have been identified 
at the enzyme level. In Drosophila, the loci of about 20 enzymes 
have been identified and there is ie close linkage between the 
metabolically related genes (see O'Brien and MacIntyre, 1972). 
However, recently Norby (1973) has presented preliminary eyidence 
which suggests that the first two enzymes of pyrimidine biosynthesis 
may be coded for by the rudimentary locus (see Introduction). On 
the basis of the data reported above, it is conceivable that several 


of the purine biosynthetic enzymes may be closely linked as well. 


sch eden ae she wc ea a a 

| Jove! faxinedsond oft 2 embarte 

so eh niet jh Pt i pe ae wok 

aT .noitelayar sifsneg 30 tntoqlumde oft OTR semtoset mekumbrteg 

iiovulo ste comer attatimyzald omkvuq-ols to texover yabwetoed 7 

rot Alioy sfatdiy (8 asig bath A pup cane ont odd polepexe tot bointl 

cet SN) lo aiteilteré oft ni 2qote owh-oltd guieyietes eemgne edt : 

Hive oMivbusile’ oi Lalfexinos opLotiaetb ao bem bedntt ote Si 

notieioaer aseniito-vo bie oyelnet se0lD . (VAC ynnetled bea qeeste® 7 

remyens be tutes (ch tag itodsy si Io alasitinye od? ‘ati osteo 2eneg to _ 
zi molseyiic add ~tevewed ameinegso teileid nl ,atredosd af somo eb 
hekiisnalld neod oval felt wot to rsditn [lene oft on aud weedy: all 

aouiges 0S Unie 20 (sot sf oar al Deyah sinqane. aa 7 - 

oilt aetwtad egadnil seoko on ai aves fom | aint ane vet | 

(SQ ,ongaloutt ing mpétd"O age) 2andy bosatox ‘dTaablodesom 

eonobive \anninilery botmhasry 2a (ete!) ydxol yfsmemet raven 

abaailamcenit onibimixyy Yo <vimgsnia owt oe ot ene ae a 

. i b 7 sib ass ~~ - 


: 
7 


80. 
4, THE PYRIMIDINE AUXOTROPHS 


Although the twenty pyrimidine auxotrophs all map in the 
same region, they have several distinguishable phenotypic differences. 
Some have wings which are rudimentary, some are sterile as homozygous 
females, and others are phenotypically normal in both of these 


respects. There are several possible explanations of this result: 


a. the phenotypic differences may reflect mutations at 
two or more distinct loci. 

De the normal wings and female fertility of some mutations 
may be a result of some tissue specific mutations at the 
rudimentary locus. 

c. the phenotypic differences may result from mutations 
which affect the same locus in basically the same 
manner. The differences may be a manifestation of the 


degree to which pyrimidine biosynthesis is blocked. 


The data is most consistent with the third suggestion. 
Table 23 shows that the mutations form a phenotypic gradient. The 
severity of the pyrimidine auxotrophy appears closely correlated with 
the severity of the wing defect and the female sterility. Furthermore, 
the data imply the existence of a series of phenotypic thresholds. 
For example, r?¥* = probably provides a level of pyrimidine 
synthesis slightly above that necessary for complete supplementation 
yey Wo 


with 0.1% pyrimidine nucleosides. seems to have a level 


of synthesis which corresponds closely to that necessary for the 
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production of some viable eggs and (r) PYF big isiiclosestolthe 
level necessary for the production of normal wings. 

Further evidence for these mutations all being part of 
the rudimentary locus, comes from the finding that several of the 
more extreme (on the basis of hemizygote viability in the absence 
of pyrimidines) normal-wing strains ( (r)PYF Sy (r) PY? ee have 
a Slight rudimentary wing effect when heterozygous with ee 
Unfortunately, even though the data strongly suggest that the other 
normal wing mutations are part of the rudimentary locus as well, 
this has not yet been proven (by complementation analysis), because 
of the partial dominance of the auxotrophic phenotype. 

The partial dominance of auxotrophy at the rudimentary 
locus contradicts the results of an earlier study (Bahn, Norby and 
Sick, 1971). Some pyrimidine contaminants are known to be present 
in the Eledon® medium which was used in the earlier experiments 
(Norby, personal communication), and this is the likely reason for 
this discrepancy. 

This partial dominance has at least three possible 
explanations. The size of the pyrimidine pool of larvae cultured 
on a pyrimidineless medium may be very near to a threshold such that 
even a minor decrease in endogenous synthesis affects viability. 
Alternatively, it is possible that dominance may result from a 
mutation in a multimeric enzyme (Birnstein and Fisher, 1968). If the 
sub-units of such an enzyme associate at random, and the 
presence of only one mutant sub-unit is sufficient to drastically 


affect enzyme activity, dominance could result. In bacteria 
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dominance is commonly associated with mutations in a regulatory 
gene, and it is possible that rudimentary may represent a locus of 
this nature. 

There is no data at present to distinguish between these 
possibilities. The first hypothesis predicts that high levels of 
enzyme activity will be associated with heterozygotes 
even though they have a viability as low as 5 to 10% in pyrimidineless 
medium. The second hypothesis predicts that the level of cross- 
reacting material (CRM) in the heterozygotes will be high, whereas 
enzyme activity will be low. Finally, the third hypothesis 
predicts a low concentration of CRM as well as low enzyme activity 
in heterozygotes. 

From the point of view of mutation rate, the most striking 
feature of the results is the high recovery of pyrimidine auxotrophs. 
Using a variety of mutagens, Fahmy and Fahmy (1959a) demonstrated 
that rudimentary mutations are more than twice as frequent as 
mutations at any other sex-linked morphological locus. Probably only 
six or seven of the 20 pyrimidine auxotrophs have wing defects severe 
enough to have been isolated in a morphological screen of the nature 
of the Fahmys'. Therefore, in view of the extra 13 or 14 mutations 
isolated at this locus, the mutation rate is remarkably high. The 
rate of production of mutations at this locus is about five to six 
times that of morphological mutations at any other locus on the 


X chromosome. 
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A high mutation rate of a particular gene may have a 


variety of causes: 


a. Size, chemical composition, or accessibility to 
mutagen of the gene. 

b. Peculiar sensitivity of a protein to structural 
alteration. 

c. Peculiar sensitivity of the organism to a slight 


change in protein function. 


The cause of the high rate of recovery of pyrimidine 
auxotrophs is not at all clear. The fact that a screen for auxotrophy 
detected mutations which by previous morphological criteria, would 
have gone undetected, indicates the auxotrophic phenotype is more 
sensitive to loss of protein function than normal morphological 
criteria (possibility c.). This however, is probably not the only 
cause of the high mutation rate. The data in Table 21 indicate that 
all eight of the mutations, susceptible to the type of complementation 
analysis described in the Results section, are in the same region of 
the locus, and this region only represents about half of the rudimentary 
locus (Carlson, 1971). The finding of many mutations in this region is 
consistent with the results of the Fahmys (1959b). Since the 
rudimentary locus may code for more than one enzyme (Norby, 1973), this 
region may correspond to an enzyme particularly susceptible to 
structural alteration (possibility b.). Furthermore, these results 
could also be consistent with several of the aspects of possibility a. 


In light of these results, it seems likely that the high mutation rate 
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of this locus may not have any single basis, but is probably the 


result of a number of factors. 


9. CONCLUSIONS 


It would be eva if an analysis of the mutation rate could 
provide an estimate of the number of potential auxotrophic loci. One 
approach to this problem has been to analyze the distribution of repeat 
mutations by means of a Poisson distribution (e.g. Hochman, 1971). 

This method is not reliable for this data for several reasons. First, 
about three quarters of the loci are represented by only one allele, and 
this indicates that we have not yet come close enough to saturating the 
X chromosome to perform this type of analysis. Secondly, there appears 
to be a diversity in mutation rate for the auxotrophic loci identified. 
Just as one locus has been identified which has a very high mutation 
rate, it is possible that a number of loci will have a very low 
mutation rate. 

Fahmy and Fahmy (1959a) demonstrate that many morphological 
loci have a mutation rate of less than 1/10 that of rudimentary morpho- 
logical mutations. Since in the present study, six or seven rudtmen- 
tary mutations would have been detected by their criteria, this further 
suggests that loci are yet to be detected on the X chromosome. 

The X chromosome represents about one fifth of the genome 
of D. melanogaster. In the present study, eleven auxotrophic or 


putative auxotrophic loci were detected. If eleven is taken as being | 
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the minimal number of auxotrophic loci on the X chromosome, and if 
the assumption is made that such loci are evenly distributed through- 
out the genome a minimal estimate of the number of such loci in the 
CCNOMEE LS 5 a 

Even if the estimate of the number of loci potentially 
detectable by this technique were reasonable, this still represents 
only a fraction of the total number of possible nutritionally 
sensitive loci. The reason for this is that the estimate clearly 
depends upon the screen used: for example, use of high temperatures 
during larval development increased the number of mutants recovered 
by about 50%. Manipulation of the medium by reducing the concen- 
tration of particular constituents to sub-optimal levels might like- 
wise increase the recovery of mutants. Indeed, it is possible that 
some of the conditionally semi-lethal mutants discussed by Falk and 
Nash (1972) might be lethal if a particular nutrient were in short 
supply. Furthermore, since Sang's medium contains amino acids not 
obligately required by Drosophila, additional loci might also be 
identified using Geer's (1965) minimal amino acid medium. Finally, 
additional nutritionally responsive loci may be identifiable in 
strains already carrying one mutation. For example, the use of a 
strain blocked in glucose-6-phosphate dehydrogenase (zw; 1,63) 
which is not lethal on Sang's medium (Falk, unpublished), might 
reveal mutants in other steps of carbohydrate metabolism, which 
would not otherwise be detected as nutritional mutants (J. Sparrow, 


personal conmunication). 
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With regard to the characteristics of the auxotrophs 
which have been isolated, the results indicate that as with bacteria, 
the analysis of nutritional mutations in Drosophtla can answer some 
basic genetical questions. There is preliminary evidence that both 
a purine and a pyrimidine (Norby, 1973) locus code for more than 
one enzyme in their respective pathways. If biochemical analysis 
confirms this, nutritional loci will already have answered a rather 
basic question with regard to the organization of genes in higher 
organisms. However, the generality of such a finding will likely 
only become apparent by the identification and analysis of a large 
number of biochemically-definable mutations and the nutritional 


approach may be the best way to get such mutations. 


86. 


age inline 
i hasnereaneTe 
al 


oie 


‘a 


REFERENCES 


Bahn, E. (1970). Restoration of fertility of the female sterile 
mutant, rudimentary on pyrimidine enriched culture medium. 
Drosophila Information Service 45: 99. 


Bahn, Eto. NOrby end Ky otck. (1971). Interallelic complemen - 
tation for pyrimidine requirement in rudimentary mutants of 
Drosophila melanogaster. Hereditas 69: 187-192. 


Baglioni, C. (1960). Genetic control of tryptophan pyrrolase 
in Drosophila melanogaster and Drosophila virilus. 
Heredityela:. 167-96. 


Barban, S. and H.O. Schulze. (1961). The effects of 2-deoxy - 
glucose on the growth and metabolism of cultures human cells. 
JeebiO lm Cnelenz 50.) tool = —)o00. 


Begg, M. and J.H. Sang. (1945). The time of action of the gene 
Antennaeless and its effect on the development of the cephalic 
complex of Drosophila melanogaster. J. Exptl. Biol. 21: 1-4. 


Birnstein, H. and K.M. Fisher. (1968). Dominance in bacteriophage 
A eee OCTC LT Cs OG aa Lr 


Breslow, R.E. and R.A. Goldsby. (1969). Isolation and character- 
ization of thymidine transport mutants in Chinese hamster cells. 
EXD Ge Ce Ui neS Oem OO O40. 


Britten, R.J. and E.H. Davidson. (1969). Gene regulation for 
higher cells: a theory. Science 165: 349-557. 


Britten, R.J. and D.E. Kohne. (1968). Repeated Sequences in 
DNA «Serence 161: 529-540. 


Brookes, P.D. and P.D. Lawley. (1961). Reaction of the mono 
and difunctional alkylating agents with nucleic acids. 
Biochems J.) 80: 490-503. 


Bryant, P.J. and J.H. Sang. (1969). Physiological genetics of 
melanotic tumours in Drosophila melanogaster. VI. The 
tumorigenic effects of juvenile hormone-like substances. 


Genetics 622993521-3562 


Camfield, R.G. and D.T. Suzuki. (1972). A temperature sensitive 
vermtlton mutant in Drosophila melanogaster. Can. J. Genet. 
Gytoleei4t. 9722) (Abstract): 


oy SP 


- ae |, 
ST ie As 


_ 


to nobiertese 
abimivyy 0o wiet 
“wonvred. noi samobal, 


- 


elirete slams? add to oi 
_, fez bem ST hip saul sya 
fe ’ $2 : 


fanwlanns cifelimatah (yep 
BO SITET pete iit Fnoniriupet 
/SE-T8 <a ae7Ebs roll 


senlority Hangotet 9 lorgan3 2h1sima ‘ams oe alt pokiged 
Bi rs Ba aA FAG iN ON ries *} strange? =H. elwiqnecs al. ; 
ENB. 12l au wots iM. 


-yeoub« Fo): 2tgotte suff me) 20) sasthaiva ot bas. .2 «tied 
weil esrutiu to wet toda jan bia Subtest 20 9209 3 


085% - Yael ER sto fot 6 Me 


sing ot Zo Muga’ jo; omts. AT (2bRE)— pane sates Maa 
aifnda> 9 40 Jnew qolsy abreti eo 1asHd9 att Sas 2 to eo 
t =5 ‘Ts lord é eri : iL tS0 Pa SGutlt on =f Hgoaes ‘Yo. al 


roa i MA baw i, a 
THE te eisane) * we 


npintvoitadoed mi aoreniipd .(9¢e 


tf). 
4 
elk - 


ot) dos enuut Se@ntti 0. ri “Sthotint wt quant 2 gage 
JohE -Gat yee 


Tob notsalyes: snsd ., (@dgr) noah é vel na bre rs Br 
eesOh 1201 sonsizd ‘jqoons..£ —_* 


nt 2estteupee bojeeqs7 .(80G0) .smtod oa. ca 
“Ohe> OS¢ _ oe 7 

Qnon act to podsoLsH (qaet) « wo lwel wt he tt. Z) asdtoor’ 
(2biss orolounuitiw etasgs gaispi cine = eran! mn by ae . 


7 60d 2-GRh . ‘ok oe 


io zaitarey Inoieolotew .(090t) . nee a ——. 
orl, AV iaig onitam D4 as mete a a tional 
ison Sail ‘oAni-snonetor $line rat hes 
bie 7 
\ 
avi siease - - 
8080 ei one 3 anyon 


Fe fo 


88. 


Carlson, P.S. (1969). Production of auxotrophic mutants in ferns. 
Genet, Res., Camh, 14: 337-339, 


Carlson, P.S. (1971). A genetic analysis of the rudimentary locus 
of Drosophila melanogaster. Genet. Res. Camb. 17: 53-81, 


Cooke, J. and J.H. Sang. (1970). Utilization of sterols by larvae 
of Drosophila melanogaster. J. Insect Physiol. 16: 801-812. 


Chu, E.H:Y.,°P. Brimer; K. Jacobson, and E. Merriam?” (1969); 
Mammalian cell genetics, I. Selection and characterization of 
mutations auxotrophic for L-glutamine or resistance to 
8-azaguanine in Chinese hamster cells in vitro. Genetics 
O27 RESS9=S7 7". 


Chu, E.H.Y. and H.V. Malling. (1968). Mammalian cell genetics, 
II. Chemical induction of specific locus mutations in 
Chinese hamster cells im vttro. Proc. Nat. Acad. Sci. 

OLS 1506713124 


€éhens°S:S 7; JiGPe’Flaks*H70}*Barner /MeRs oliceb, tandP) MiAchtenstein. 
(1958). The mode of action of 5-fluorouracil and its 
dérivataves, *-Procy Natt-Acad. Sci. 44> 1004-1012. 


Dadd, R.H. (1970). Arthropod nutrition. In: Chemtcal Zoology, 
MY Florkin and®BrltScheer;®(eds¥)-; ppves5-95s) Academic 
Press, New York. 


Davis, R.H. (1967). Channeling in Neurospora metabolism. In, 
Organtzattonal Btosynthests. H.L. Vogel, L.O. Lampen, and 
V. Bryson (eds.), pp. 302-322. Academic Press, New York. 


De Marinis, F. (1966a). A comparative effect of the nucleotide 
bases on the development of the Bar eye males. Drosophila 
Information Service 41: 147-148. 


De Marinis, F. (1966b). A further study of amides and their 
effect on the development of Bar eye. Drosophila Information 
Service 41: 149-150. 


el Kouni, M.H. (1972). Reversal by thymidine of FUdR-induced 
death in Drosophila melanogaster. Can. J. Genet. Cytol. 
3: 731" (Abstract). 


Ellis, J.F. (1959). Reversal of an adenine and a cytidine 
requirement in axenic Drosophila culture. Physiol. Zool. 
S285 29-59% 


. 
wan 5 


as] ! ist r Ro ol ; j ete " A. ot i =o | ' 2 ! d 
a CT . aA ; “a . ; on 7 
. (ere MG a avg 
saaynsly be 2 weertl CG 0) aie AG ak a os ) 
oA bat cata he Dt tential ae ‘ 
Yo wisest nosssetee iT yaoktaneg [iso snl! | 


Bets fe a "8 ee et rae lien 


tte 


itengy Ite pst femmM . (208L) par pe Vii bre, YH gO, 
a edatinrm aiyor Sitiaies to nol sould 
te bBoA let ost soto wr efi 


mt 


"ter abet 118. 


nistetetioid ot, bes fool 2M prone 20.1, ett 2.0.8.4: ae 
obder off 


ali hen Piexmotabl b- 2 lo. fafion 26 - 
“S104-800L shh .i92 .heoh .10 3089 eovbnevi 


wasToos igsonety. sof noisivuey eee Page a a lat y 
eT pbibah —.20-8E hy, (. abe), ee . 


ed | 


or seer 
lat Pre aetide peices iti sett -[Veel> Het eived 
bas, , wrogks) 0.2 .Tose¥ 1H > all Bue IS Tongdtne ; 
AIO WH sear? ahyebank . SS4-C0r ier, (. 2be) noaya .V 2a a 


ptt ho sits to asayts aye: AIR stg eininiat 2d i 
aoxd =, zuinm- sve sae tty: jeroial P 
Aas 7 boulvast 9 ng 7 : : 


viet? tabs gobims Jo ybote sotyun A .f a a 
moitamcin slalgoeoii .avo 4a Fo Jomo Loval> phot: ss ib - ‘ 


bate uh 


C-HbUT to onthianets: vd iaerovedl : 
,foman oY sci rredeanagonen) att * 


pal bias s aga » (eae 1a a 


er: 


89. 


Fahmy, 0.G. and M.J. Fahmy, (1959a). Differential gene response 
to mutagens in Drosophila melanogaster, Genetics 44: 1149-1171. 


Fahny, O. and M, Fahmy. (1959b). Complementation among the sub- 
genic mutants of the r locus of Drosophila melanogaster. 
Nature 184: 1927-1929, 


Falk, D.R. and David Nash. (1972), The search for auxotrophic 
mutants in Drosophtla melanogaster. In: Insect and Mite 
Nutrttton, J.G. Rodriquez, (ed.), p. 19-31. North Holland, 
Amsterdam. 


Fambrough, D.M., F. Fujimwa, and J. Bonner. (1968). Quantitative 
distribution of histone components in the pea plant. Biochem. 
UPS 75 =5843 


Finnerty, V., D.L. Baillie, and A. Chovnick. (1970). <A chemical 
system for mass collection of virgin females or males. 
Drosophiia Information Service 45: 190. 


Pristron se ( 1969). Gel lular descenération: in=thesproauctionson 
some mutant phenotypes in Drosophtla melanogaster. Molec. 
Genz Geretarl032.. 36325793 


Fristrom, D. (1972). Chemical modification of cell death in the 
Ray eye tof Drosophitta. ‘Molec. GensiGenect 2 ISsiprei0=28% 


Geer, B.W. (1963). A ribonucleic acid-protein relationship in 
“Drosophila| nutrition. JsExpy) Zool... 15431 71353-364% 


Geer, B.W. (1965). A new synthetic medium for Drosophtla. 
Drosophila Information Service 40: 96. 


Gordon, C. and J.H. Sang. (1941). The relation between nutrition 
and exhibition of the gene Antenaeless (Drosophtla melanogaster). 
POC weROy s) OOC.e bu toU eet o L184) 


Gordon, H.T. (1959). Minimal nutritional requirements of the 
German Roach, Blatella germanica L. Ann. N.Y. Acad. Sci. 
Ti 20 = 590, 


Green, M.M. (1963). Interallelic complementation and recombination 
at the rudimentary wing locus in Drosophila melanogaster. 
Genetica 34: 242-253. 


Grell, E.H., K.B. Jacobsen, and J.B. Murphy. (1968). Alterations of 
genetic material for analysis of alcohol dehydrogenase isozymes 
in Drosophila melanogaster. Ann. N.Y. Acad. Sci, 151: 441-455. 


Atstiotaiatan olazviggaiwl) sasdaniknd it afep Silt Fo modetedtcee. frm 


a 
. (eYlet Wee! 


ners “seg. ta arta Ln ae 
+—5* 7 


LSEI-OhL yh a5F toned ne 


| i 
(ue att 5 gn nok ssresiihemey 5) ciozer) one) mi bras. ie BT 
Metavporn taiend ne ae ae wy, ald a adn gen ae 
OSCL-TSOL YEE omutan - 
ora | es 
2 heraonas "62 foynoe ail . Gket) den biyst Soa ALG ale 
ot Mi fixe “Seger tl | aeangonedom sienqasel ar oh te ft 
Soil fo Ptvoy =. Le CE sq el he) cen 2% sortie 
. xt ‘anbrotemA i, 


Secoe tT 
sviseritneyd. .(8801) ram! bes en .F Me «Agu rent 


mei imei e9q at nf 2gmanoeioo onovekt to mptgudiaselh ; 
hBe~e¥e av 


fepiaem> A .(OR@L) -dtofavedd .A bre al thted .1.04.V , 
,eslen ‘to 2sidmat fietiv to cngtocileo eda tol. mgey 
JO <8) esivre? noitemmin! eLingqoaet 


to: Hteltamiorty oft ni moiterstoyeb tafalian .f@0el) .4 @ 
SsloM ori soptaelan ss iigcacds i zag ionilg Fre UM pole 
sBe-foc =raOl 9c +030 


ont si (Pgob Liao io noitmost ‘a om Isobe ath) (S585). 
86-01 '@tr .7409D .9e) .cofoM opiaigoag 30 9 


ai gifenodielor niatotq-biss oLelsuagdat A “(eaet) ”. aq d ned | 
AOE NEE het VfooS pH ul. .nobhivean saeabedc ital 


* ~ ; r co 
lsgqeacys wot nhubw sigedinge Wom A (zoer> Wg 990) 
y0: ; Oh eornesd "1d ramgint slsdqoec mw 


7 i 
o 


: , t . re '. 
wisivtum qowwted quiteiay af? (Lh) geek A bee .2. mob TOD 


-bal-Lel 2081 &@ .20r .youl .30T is 


ed? Jo 2rcaneyviupor Tam ititsi tsnoiM (a2er) iT qf sbro 
128 .baak .Y.A ond. sodrdinies “Dideteds dec eur 


se 


: 
not matdpover Lab moti esters acpi dilolisxstal sf 
badgon xe HF stool gniw yee 


tats BLA AR) Tor Cay 


— $e 


Yo enoitavor ih «f8921) Dic beer mi + Ses at Bg 
eamysoat sasasgotbiilal: tonlag ie Ao ie an ate 
22b-DER 1A Ee Dah IC A Alaa 


Grigliatti, T,A.!, UisHall, Ry Rosenbluth, ‘and DyTy Suzuki | (1973). 
Temperature Sensitive Mutations in Drosophtla melanogaster, 
XIV. A selection of immobile adults. Molec. Gen. Genet. 
120: 107-114. 


Heidelburger, C., G. Kaldor, K.L. Mukkerjee, and P.S. Danneberg. 
(1960). Studies on fluorinated pyrimidines. XI. Im vitro 
studies on tumour resistance. Cancer Res. 20: 903-909. 


Hinton, Tre (1959). Miscellaneous nutritional variations, 
environmental and genetic in Drosophila. Ann. N.Y. Acad. 
De aime ee S00 557 2:0 


Hinton, T., J.F. Ellis, and. D.T. Noyes. (1951a).' Amino acids and 
growth factors, in a chemically defined medium for Drosophila. 
FinysioieeZool, 24 95555-555. 


Hinton, T., J.T. Ellis, and D.T. Noyes. (1951b). An adenine 
requirement in a strain of Drosophila, Proc. Nat. Acad. 
SCL me Jie 205 c00R 


Hockman, B. (1971). Analysis of chromosome 4 in Drosophila 
melanogaster, II. Ethyl methanesulfonate induced lethals. 
bene Licsr 6 /RawRZ 5525 2h. 


Huang. R.G. and J. Bonner. (1962) > "Histone; a suppressor of 


chromosomal RNA synthesis. Proc. Nat. Acad. Sci. 48: 1216-1222. 


Hutner, Siti. ile Baker, S. Aaronson, H.A. Nathan, E. Rodriquez, 
Se Lockwood, M; Sandérs.) R.A. Petersen. |) (1957) 2) s Growing 
Ochromonas malhamensis above 35°C. J. Protozool. 4: 259. 


Jockusch, H. (1966). Relations between temperature sensitivity, 
amino acid replacements and quaternary structure of mutant 
proteins. Biochem. Biophys. Res. Commun. 24: 577-583. 


Judd, B.H., M.W. Shen, and T.C. Kaufman. (1972). The anatomy and 
function of a segment of the X chromosome of Drosophila 
melanogaster. Genetics 71: 139-156. 


Kaji, S. (1954). Experimental studies on the developmental 
mechanisms of the Bar eye in Drosophila melanogaster. 
I. Effect of ureids and acid amides on the facets of the 
Bar eye. Annot Zool. Japan 27: 194-200. 


Kaji, S. (1955). Experimental studies on the developmental 
mechanisms of the Bar eye in Drosophila melanogaster, ~ 
II. On the chemical structure of the substances having the 
facet-increasing effect. Annot. Zool. Japan 28; 152-157. 


90. 


oe gett ar ae : 


ASRE-OE8T Bhchaviier 


‘9,7 bre irate 
weld 0 3 


hig 


Kao, F.T. and T.T. Puck. (1968). Genetics of mammalian cells, 
VI. Induction and tsoaltion of nutritional mutants in 
Chinese hamster cells. Proc. Nat. Acad. Sci. 60: 1275-1281. 


Kit" 5.4-D.R.8 Dubbst® Wit Prekarski.. “and? T.G: «Hsuv0? (1963) 
Deletion of thymidine kinase activity from L cells resistant 
to Bromodeoxy-Uridine. Expt. Cell Res. 31: 297-312. 


Krieg, David R. (1963). Ethyl methane sulfonate-induced 
reversion of Bacteriophage T4rII mutants. Genetics 48: 
561-580. 


Lawley, P.D. and P. Brookes. (1963). Further studies on the 
alkylation of nucleic acids and their constituent nucleotides. 
BLOCNED ae) MOO aeliede. 


La Croute, F. (1968). Regulation of pyrimidine biosynthesis in 
Saecharomyces cereviseae. J. Bacteriol. 95: 824-832. 


Lewis, E.B. and F. Bacher. (1968). Method of feeding ethyl methane 
sulfonate (EMS) to Drosophila males. Drosophila Information 
service 43: 193, 


La toalete GO.) Redeieand Go. GOWalSa (oO) ee A DV OgenetT iC 
comparison of mutation spectra. Molec. Gen. Genetics 100: 77-83. 


Lifschytz, E. and R.. Falk. (1969). . Fine structure analysis of a 
chromosome segment in Drosophila melanogaster. Mutation Res. 
Bae) iA bo. 


Lim, .J.K.; and L.A« Snyder. (1968). The mutagenic effects of two 
monofunctional alkylating chemicals on mature spermatozoa of 
Drosopniiae Mutation Res. 0: sIZ9-137, 


TondsievyeeU cu. andsh He orell,. 9(1900). GeneticeVaniations 100 
Drosophila melanogaster. Carnegie Institute of Washington. 


Magasanik, B. (1957). Nutrition of bacteria and fungi. In: 
Annual Review of Microbtology, G.E. Clifton, S. Raffel and 
Rayo Canere (eds. eV Ole en Le tO mearn cou Annual Reviews 
Ince, ePalo Alto, Calif. 


Malling, Hav. dildet J. Ue oclies  (la0a)) Identification of genetic 
alterations induced by ethyl methanesulphonate in Neurospora 
crossa. Mutation Res. 6: 181-193. 


Moat, A.G. and H. Friedman. (1960). The biosynthesis and inter- 
conversion of purines and their derivatives. Bact. Res. 


age 509-359 » 


. snake I: ah | . Tafoet 
sant Spa 


28-84 onjobule nw) ea jie £2,292 = = 
an 2} . 
8 “oly patra | Tae hee aA nae 7 
38 . 


bg es cari i ie elo mt mht 


92. 


Morrow, J. and L. DeCarli. (1967). The correlation of resistance 
to 2-deoxyglucose with alkaline phosphatase levels in a human 
Goll rewmmiont. Collokes, 472" 1o115 


Morse, “DE. °R.D. *Mostelter,and ©. .yanorskye (1969). "Dynamics Of 
synthesis, translation, and degradation of trp operon 
messenger RNA in £. colt. Cold Spring Harb, Symp. Quant. 
Biol, 34: 725-740. 


Nash, D. and J. Bell. (1968). Larval age and the pattern of 
DNA synthesis in polytene chromosomes. Can. J. Genet. 
Cytol. s10:» 82-90. 


Nijkamp, H.J. and D.G. DeHaan. (1967). Genetic and biochemical 
studies of the guanosine 5'-monophosphate pathway in Escherichta 
colt. Biochim. Biophys. Acta 145: 31-40. 


Norby, S. (1970). A specific requirement for pyrimidines in 
rudimentary mutants of Drosophila melanogaster. Hereditas 
66: 205-214. 


Norby, S. (1973). The biochemical genetics of rudimentary mutants 
of Drosophtla melanogaster, I. Aspartate carbamoyltransferase 
levels in complementing and non-complementing strains. 
Hereditas ,/3:7 41-16% 


O Brien wot onda wn eMacintyre, ae(1971), A.biechenical genetic 
map of Drosophila melanogaster. Drosophila Information Service 
1 One ao O 


Plainer,,H.L.and_B...Glass., (1955). ;.Influencesof tryptophanyand 
related compounds upon the action of a specific gene and the 
induction of melanotic tumors in Drosophtla melanogaster. 

J. Genet. 955991244 =261., 


Reichard.) 0.470 okOld. Ge Klein, sla Reversz. and) ).eMasnuasson, 
(1962). Studies on resistance against 5-fluorouracil. 
I. Enzymes of the uracil pathway during development of 
TESisStance. ».Gancer kes, 22: B25a2c45, 


Robbins, W.E., J.W. Kaplanis, J.A. Svoboda, and M.J. Thompson. (1971). 
Steroid Metabolism in Insects. In: Annual Review of Entomology. 
.VOls 16, ppa55-69. g.RiFs Smith rand sl Es pMittlonssedsze Annual 
ReViiews: lie ae EALOSALLO: Calif, 


Robertson, F.A. (1966). The Vitantn Co-factors of Enzyme Systeme. 
Pergamon Press, Toronto. 


Sang, J.H. (1956). The quantitative nutritional requirements of 
Drosophila melanogaster. J. Exp. Biol. 33: 45-72. 


7 Y 
ysis on e 2 
2 n — a eet Hro"y 
; por 


~ i ae satamae 


ae, aa 


Oke ' BSI. 4 7 
"at epatbsubrye 73% rca Cups OP Saad Soetnt te 
vatibersi! .1shsapcrn isnt Wins Be. & 


etacting ywoosvarkbar to our i ee aft. then @ ao 
mandates SE al aioe soe7tqeA acim wet 
eee ens Sa vatee an 


4 tna bitidoo (0002) .eyanios .L Gas ned 
siete pur aie ingezert cen aes 


frre rye to Somouftel . (2286) .2esKD .# bets i sneaele 
on bis zitioed? & 30, noktae abn 
, a pi hiyosers Gi aaa 


| 
if 
7 


- 


ee .29m8) 4G 


stig om se > ies soins 00 baton 


wot 


Sang, J.H. (1957). Utilization of dietary purines and pyrimidines 
by Drosophila melanogaster. Proc. Roy. Soc. Edin. Series B 
Ot) 9559509. 


Sang, J.H. (1959). Circumstances affecting the nutritional 
requirements of Drosophila melanogaster. Ann. N.Y. Acad, 
DEI. #778 352-5008 


Sang, J.H. (1962). Relationships between protein supplies and 
B vitamin requirements in axenically cultured Drosophila, 
JRONUCT AG Joo 325008 


Sang, J.H. and B. Burnet. (1963). Physiological genetics of 
malanotic tumors in Drosophtla melanogaster. I. The effects 
of nutrient balance on tumor penetrance in the tu” strain. 
Genetrcs 487902554255 % 


Sang, J.H., and R.C. King. (1961). Nutritional requirements of 
axenically cultured Drosophila melanogaster adults. 
Jee xprebtolsesea.= (95-5095 


Schultz, J., P. St. Lawrence, and D. Newmeyer. (1946). A chemically 
defined medium for the growth of Drosophtla melanogaster. 
Anat Rec, 9675 540. 


pncraldwA. sandal Rr.) Wraent. 9(19/2))080. Methyl Dopayisea 
screening agent for mutants of Drosophila melanogaster with 
elevated Dopa decarboxylase activity. Genetics 71: 558 
(Abstract). 


Softer Wiis and M.A: Hatkotrt.. (1972)... Chemical iselection of alcohol 
dehydrogenase negative mutants in Drosophila. Genetics 72: 
545-549. 


Suzuki, D.T. (1970). Temperature sensitive mutations in Drosophila 
melanogaster. Science 170: 695-706. 


SUZUKI Dol elke PItTCINICk so, elayasnineM el ardsOlt es baliiie. 
and V. Erasmus. (1967). Temperature sensitive mutations in 
Drosophila melanogaster, I. Relative frequencies among ¥-ray 
and chemically induced sex-linked recessive lethals and 
SemiLetialS, as Proc. Nat. Acad;) SCizmo7 9 390/-912. 


Szybalski, W. and E.H. Szybalska. (1962). Drug sensitivity as a 
genetic marker for human cell lines. U. Mich. Med. Bull. 
Reps YAN TAS 


Tatum, E.L. (1939). Development of eye colours in Drosophila: 
Bacterial synthesis of v* hormone. Proc. Nat. Acad. Sci. 
35: 486-490. 


ee . 7 ; 


ntbintny on sab Tuy ail 
G'zortse .ibl .o6e 2 yor. ‘4 ‘Na Feag GND TOMS 


fnndtsiaaiun ott y Ervo2de 29083 PATO — fed 
ber, 1. eA asi esayois hay alitqneatt 20 2tnom por 
eer Set 7 ord 


brn zoblaque atarorg assured eqpidanot tated (Soar) a - «Bf {te 
pimqes ca be Ty iy VLE sivioms: ni eine MOT LUST almotiy & 
,eat-c2e tl tH, 

' om 

$0 22itenss [apteofarayid . (FRET) .domat .d bes HA 
Sy3aeto att. I obadesgghkalen sitroserd mt etomud oitonslan 
Jiberz2 “ut ore ck apre'toang tome oc eonsled Inert te* 

; ERR? OD hatte 


» ~ ——— oe ~~ 
ig airanm Cli % (EAIDE ne a St: A. (le aes i Pa 1) 88) | Pe i bas 4 AH, d an 
‘(ohn tel ReRtaa an SRN, herds Lu yilgot _ 


Honey 78t , ford qt - - 


yilmotméra A .(ARBE) .recomesél .C hats», Son met 32. .7 ye veo wi 
24 Qnctepaam irae sactd Yo dit iin “i TO? notbow bentteb a 
62 308 .30 gam 


; tsa [vito 9 ANeLy tds BT Bhs “TA, [ator 
HiiwW ‘rettoone sSinoqica) to 2tne tum stall iiteye grin 

i oy) VEF3E ~encdmoeb eel naravelee 

eee 7 


lorfosie Fo noitooies [epieedt .(SYGl) .RicdeeH .A.4 bos she 
tT asta) 24) Biseadd cl eesti evisegon vereqozingiiay © r 


, Gh2- a 


* | 
©) 
i 

' 
«. 

v7 

a 


slidgqagont al eniiqesun ovistens2 etudarageT (OS GE) TO | . Blusue 
POl=200 ATL sonmpicd en epen tia 


,olifiss Mt 33 erat ih , seal A q+ skit sti] aA. t TT yt aoe 


re ai! ies U a a bs Ee rash opal . t ae] | ementl av Ww cy 
war-X% VEONs : re Lire WilkleA- «i th =. paren pir : 
Dns sluiaiw, svieeoues Lovinif- 57 Cero? it hoes 


,SL8-Tue he ie peal, ~aB4 Peep | - 


& wovtivir/sase geil =. (eer) . selelidyse Ha 
ff .belt boat asad i) fend 2oR 


see a 
wnt Hgagent mb 27 voles ove to f 
ASB ail Th. 20TT 560 a0 * 

: 7 


Ff ee 
- 


94. 


Tatum, E.L. and A.J. Haagan-Smith. (1941). Identification of 
Drosophtla v+ hormone of bacterial origin. J. Biol. Chem. 
140: 575-580. 


Venteroye (1971), Folate synthesis in Aedes aegyptt and 
Drosophtla melanogaster laryae. Trans. Roy. Soc, Trop. Med. 
and Hyg. 65: 687-688. 


Vyse, E.R. (1969). Studies on nutritional conditional lethals of 
Drosophtla melanogaster. Ph.D. thesis, University of Alberta. 


Vyse, E.R. and D. Nash, (1969). Nutritional conditional mutants of 
Drosophtla melanogaster. Genet. Res, Camb. 13: 281-287. 


Vyse, E.R. and J.H. Sang. (1971). <A purine and pyrimidine requiring 
mutant of Drosophila melanogaster. Genet. Res. Camb. 18: 
281-287. 


Wright, T.R.F. (1969). Virginator stocks. Drosophila Information 
Berviceg44-99105. 


Eee erg wey, 


= 0555 


96. 


ased }xXoU UO ponuT}UOD 


OT e . 8°U UOT}ISOg dew 
Lv9 Ive SOT Ovz Srl SSt 0861 029 228 Te.0] 
ZO 0 0 0 1:0 Z°0 v°0 0 10 o 4G % 
0 0 0 a 0 120 T'0 0 120 Sf fn + +4 ud 
es 0 0 0 0 ey O°T 0 0 +fhnowa + 
a0 oat Ont 8°0 0 a0 ZT Ter 6°0 tJ +++ ud 
Z°0 6°0- 0 0 6°Y ES LAG 0°S 9°S f 445° 4 
Balt Coot (EZ epee 6°9 9°8 os 9°9 pel + fin wa ud 
0 0 0 0 ee pl 0°2 Mee QT ffin++ + 
p's 8°9 6°¢ 9° 720 = GZ Tal Tay + +uaud 
0 0 0 0 p°T 11 -6°0 [37 8°z ffnw+ +4 
boas | ees 6°Z a a0 L°0 oT 8°0 6°0 + ++ aud 
0°S Ca aa 0 5 Z°9 "G9 Z°sS O°P f fawa + 
Lae eet feet uh Bi 1a 9°9 Oat fart es, + +44 ud 
0°9 9°0 0 0 S*rz B°ss 8° re S208 ens t+ +44 + 
6°29 6°9S 0°99 €°8S S'Ps 9° PS Ze GZ 6°1t ee Jf fiawa ud 


re 


eql-< Doh, eat ae, pst? bah, I-¢ Dah ee. 57S 18uUYy ap prsieyly  si1eyMy 


EEE 


SINVINW SHL JO VLIVd NOLIVNIGNODAY T-V dTavL 


= 


ae 
wire yOORA g 


R nag” f-£ ba by exorinl *setacial “‘yexodkaa Sseradoh sera 


Sa 

0 Ces 0 c.8 £.0 0 [.0 _ e+ + ag 

9 0 [0 $0 0 0 £.0 amu 
roi Ons EAL : Ez2h Oger OSe 433 IaieT 
é 6.0. nolsiee! qa 


oe 
a an 


OF. 


ased 4X9U UO penuUTUOD 


eS eS és cs SP 99¢ TE ce 0€ uUOoTIATSOg dew 
TOT Tz vz pI pes 8ST QT 86 L62Z TeqO], 
Cat 0 0 0 0 c°0 0 tae L°0 ey 
9°0 0 v0 0 0 0 0 0 0 f fin++ ud 
0 0 0 8°0 9°0 rear 9°T Oar Les +finwa + 
S°z Last al 0 9°0 0 0 0 0 f +++ ud 
PeiL c°9 Z°8 gag S'Y 0 0 0 oa ff 
c'r Cue L°s oT tat OE CuSD Al S°ST + fAmwa ud 
1EAS 8°L7 6°2 vv 9°9 a4) 0 0 120 fe Atte re eee 
0 0 0 0 0 g*¢ as vp RAs ee aid 
S°Z os v°0 g°¢ o°¢ 6a 0 0 0 ffhanw+ + 
0 0 0 0 9°0 0 9°T Va a + ++. ud 
6°61 Saucy 9° OT pst c°6 Gro v° OT T°9T T'vl f£ fawa + 
0 0 0 0 9°0 0 6°0 70 Nez + ++4 ud 
0 0 0 0 ¢°9 20 c°0 0 o°¢ ee ee 
0°PS ¢°69 fies ©°29 9°9S 8°99 1°99 9° 6S s*sg) of Am w a ud 


= a a. eee he. Se ol Le ont cee a eo, DR 
“Aiea rkd@ ST-T xka* psl-4 bah 54-1 ukd (7g 51-9 peli, I-I Deh T-T and Stal mnB 7-{ and 


ee SEE A OE A ee ee ee 


SINV.IAN SHL JO VIVd NOLLVNIGWOOSY CGHNNIINOD - T-V FIGVL 


i) 


Se 
te 


bimoo 
5 eatts 
YSn 
xs 
SSE] 


93. 


esed 3xou UO penuT UOD 


95 OS SS 
v2Z 909 LUE 
b°0 2 0 0 
0 0 0 
8°0 8°0 6°0 
v°0 0 6°0 
© VOL [Bt 0° aL 
v°0 8°0 6°0 
CC ties Pe 
0 0 0 
Lae SoD 0 
0 0 0 
Lae 6 EL 6° LT 
0 Cu 0 
0 8 0 
6°L9 8°69 T 09 


he ag oS Se SS uoT{Tsog dey 
LOZ vVZ 8oP eke pI¢ Te OL, 
0 0 0 0 0 + +Wa 

0 0 0 0 0 ft n+ + 
One 0 ei) 6°0 9°0 +haowa 
0 0 vt 6°0 £°0 i oF ae 
Tate 2.3 0°OT yank oad ot f +++ 
Gal fers vt 6°0 O°T +hawa 
ps gas 9°P ves bad Sf in + + 
0 0 0 0 0 + +#uWa 
Vac is yer 0 6°72 Lf Rogues 
0 0 0 0 0 + ++ 0 
OSct v°6 Omi 6° LT EYEE f fiawa 
0 0 0 0 0 t+ +44 
S°0 0 0 0 0 fet ae ee 
2°99 = 12 2°69 T° v9 2*L9 ffnwa 


+ 


A + 


Ebat kd” I-1 ka) SI-1 zhkd" 


gteriztdt)) prop-atdtetay ahd) gap add? y-q rtd) 


S.INV.LAN AHL dO VIVd NOLIVNIGNOOTE CHNNIINOD - 


T-V dTavL 


— 
ré@uit 


a4 


—_—- «= 


err 


aga 
Ge Pa 


Susq ivan fie owstrinos 


OD. 


ased }xeu UO ponuTjUOD 


a5 vs vs 
66¢ LOL 892 
0 v°0 0 
¢°0 et 0 
cau £°0 v°0 
=P tl 6°0 8°0 
eee S400 6°8 
aa! Sok = mL 
ays iy LEC 
0 0 0 
SL 8°T Dee 
0 0 0 
Sea ae CaLL 
0 c°0 0 
Zk 0 0 
v°v9 £°89 OZ 


LOE 


8°09 


gS oS 
ZEN 25¢ 
0 0 
0 0 
0 0°2 
iO: v°0 
6°9 boat 
62 Cae 
GG Cees 
0 0 
2¢ Vac 
0 0 
8° eT caer 
0 Cal: 
oa bv 
8°89 v.05 


cs UOT}TSOg dey 


v6e Te1O], 

0 + +WQ +4 
"0 f han + + ud 
C20 + or i ee 

0 r Mee See Be 55 76) 
TG Sf +++ # 
SoZ + fawa ud 
SP ffn++ + 

0 + +uaud 
hag t+ +++ 4+ 

0 + +#++aud 
SECT ffnwa + 

0 + ++ 4 ud 

0 + +++ F 
L°L9 f fa wa ud 


(7) 


Z-T 14d 


SINV.LAW SHL dO VIVd NOLLVNIGNOOdY 


gg8-T 2Ad) — gt-t ad 2-7 aca) gg9-t EQ Cet akdq tpt aca” 
EMER t Ub Ob SON t= Wi oe, En) OO ee, Reh te 


CAHNNIINOD - I-V FTIaVL 


OTe Ta 
af: Wid b ' 


is images ‘ 
| mr ~~ 


7 a3 
be he Pc 


agnq txon se bouaitno 


100. 


(o8ed BuTMOTTOF 


ay} Ud $9}0U}00F) 99 LS QS uOT}TSOg dew 

SSZ vrs 662 Teo] 
0 0 0 + +uat 
v°0 7° 0 f fn++ ud 
0 0 os +fhnwa + 
8°0 Gy 0 f +++ ud 
8°21 8°OL Pott Sf +++ 4 
0 0 How) + hawa ud 
TS 8°S CT f fn++ + 
0 0 0 fe Pia ua 
Cael eae Wes f finw ++ 
0 0 0 + ++aud 
6°21 1 AL 0°02 ffawa + 
OFZ 9°0 0 + +++ ud 
g°L c*t 0 + +++ + 
acs 0°¢9 $*09 f fin ua ud 

- Da - Opv 
I-§ Dah pst I 2p 6-1 14d" 


S.INV.LAN FHL dO VIVd NOLLVNIGNOORY 


CSHNNIINOD - {-V ATdVi 


00L 


eel r feo 


(egeq 


eavonsey ) 


WILE Ww io 


& 
pac 


rs 
\ he 


4 


J 
-~ 


a? 


feior 
AISI GEM 


TABLE A-1 - CONTINUED RECOMBINATION DATA OF THE MUTANTS 


Progeny were scored over the first two days of 
emergence only. 


p Larvae were cultured at 25°C, embryos and pupae 
ate 200C; 

© Cultures maintained at 29°C for the full life 
evcle. 

q Progeny were scored on the first day of emergence 
only. 

e 


Flies with small body size were considered escapers 
and were not counted. 


Male progeny of the cross pn v m wy f / mutant females 
X pn vm wy f males were scored as shown. All values 
are expressed as percentage of the total. Culture 
temperature was 25°C, unless otherwise indicated. Map 
positions were calculated as shown in Table A-2. 
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TABLE A-2 CALCULATION OF THE MAP POSITIONS? 


With respect to recombinants in the interval containing the mutation, 
"a" represents the number of males carrying the mutant allele of the 
proximal marker of the interval, and ''b'' represents the number of 
males carrying the wild type allele of the proximal marker. 


& = the frequency of escapers as determined by the number of 

++ +++ tales relative to en v m wy f males 

R = theoretical map distance of the interval containing the mutation 
M = 


Map position of the distal marker of the interval containing the 
mutation 


M' = Map position of the mutation, Map position (M') was determined 
by the following formula: Mt= (a - ga) R +M 
. (a+b) = (a + Bb) 


MUTANT DESIGNATION MUTANT INTERVAL a b yg  M' 
VYCQOeS= 1 |8 Pec a 57 0 0.8 
yea 4-154 pn - Vv 15 " 

v7 yea 4-284 pn - v 60 01 
yea 2-15 pn - v 44 50 t a16 
pur 1-2 pn - Vv 55 6 06 30 
Gude) so pn - v 38 31 
pur je] pn - vV 96 32 
yea j-1 m - wy 4 44 0 aps 
yea 6-1°S wy - f 15 49 s08iues 45 
(n)Pyr 1-555 wy - £ 25 12 0 52 
yeat wy - £ 10 "53 
aby Uae wy -£ 20 eA 
aye Lote wy - f 23 SS 
ppyr 1-11 we -f 37 12 BN ee 
cpybyt 1-7°8 w-f 37 1 ions 
(r)PY™ 1-6 wy - f 16 i. on 
(nj Pye 1-20 wy - f 17 "SA 
ADE ae wy - f 25 u 54 
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TABLE A-2 - CONTINUED CALCULATION OF THE MAP POSITIONS? 

MUTANT DESIGNATION MUTANT INTERVAL a b 2 M! 
(p)PYT 1-388 wy - f 81 15 OP esd 
ghey USC wy - f 49 g ipa OG 
eae oe wy - £ 36 5 i) ee 
ua os we - £ 28 3 teger BE 
UES to wy - f 50 7 ge 5,55 
ee oe wy - f 20 3 Dees 
(7) eee wy - f 25 4 0 55 
AE ee w-f 16 2 ess 
Eh pe w -£ 72 5 onted.56 
Aer a wy - £ 25 2 cienes6 
ee ae wy - £ 43 2 0. 56 


* Escapers were identified by small body size (number not 
recorded). Data was taken from crosses of the type 
described in Table A-1. 


# Data has been taken from Table A-1. 
Y Control Data (see Table A-1) showed a significant difference 


between the pa +++ +. and + vm wy f classes, The values 
shown have been corrected for this difference. 
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TABLE A-3 MAP POSITION OF MUTANTS IN THE FORKED - 

CENTROMERE INTERVAL 
For mutations located between forked and the centromere the 
pnvmwy f stock is not reliable. Recombinants of the ''a'' type 
(see Table A-2) carry pn v m wy f and cannot be distinguished from 
non-recombinants. For mutants of this type y se v f a (stock 5, 
Table 1) was used. Females heterozygous for y se v f y* and the 
mutant chromosome were crossed to y se v f y* males. Male progeny 
of the ''a™ type (y se v f) and "b"' type (+ + + + y") were counted. 
The resulting map position is only reliable if the mutation is 
"non- leaky", since + + + + flies cannot be distinguished from 
t++¢et y". Both mutations are "'non-leaky" (in Rees experiments) 
under the conditions used in these experiments. Map positions were 


determined by the formula in Table A-2. 


MUTANT DESIGNATION a % Mt 
* ode. 1-154 2 33 57 
yequses ; 74 10 66 


* scored on the first day of emergence only 
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TABLE A-4 


Throughout the course of these experiments a system of nomenclature 
different from that presented in this thesis has been used. 
to alleviate any possible confusion from this change, the old and new 


PREVIOUS DESIGNATIONS OF MUTANTS 


designations are shown below: 


PREVIOUS 
DESIGNATION 


FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 


In order 


FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 
FNC 


PREVIOUS 
DESIGNATION 


38 
39 
40 
Al 
42 


59 
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